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- -SPECIFICATION 

CURABLE COMPOSITION AND ITS USE 

FIELD OF THE INVENTION 

The present invention relates to a curable composition 
containing a silyl-containing 

ethylene/cc-olef in/non-conjugated polyene random copolymer 



% 10 rubber which has a structural unit derived from a norbornene 
Sj compound as the non-conjugated polyene with a specific terminal 

O vinyl group, and contains a specific hydrolyzable silyl group 

y 

Q in the molecule, and also to use of the same. 

o 
ry 

15 BACKGROUND OF THE INVENTION 

(1) A number of methods have been proposed for producing a 
propylene oxide-based polymer having at least one reactive, 
functional silicon group in the molecule, as described later, 
and some of them are already produced industrially. An organic 

20 polymer with polyoxy propylene forming as the main chain and 
functional methoxy silyl group bound to the terminal, e.g. , the 
one produced and sold by Kaneka Corporation (MS Polymer™) , may 
be insufficient in elongation of the cured product and have 
residual tackiness on the surface, depending on its purposes, 
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due to the effects of the composition and service conditions. 

Japanese Patent Laid-Open Publication No. 34066/1986 
discloses a composition of improved tensile characteristics, 
characterized in that it comprises a propylene oxide-based 
polymer having at least one reactive, functional silicon group 
in the molecule, a compound having one silanol group in the 
molecule, and/or a compound which can react with water to form 
a compound having one silanol group in the molecule. 
Japanese Patent Laid-Open Publication No . 34 0 67 / 1 9 8 6 discloses 
a curable, elastic composition, characterized in that it 
comprises an organic vinyl-based polymer having at least one 
reactive, functional silicon group in the molecule, a compound 
having one silanol group in the molecule, and/or a compound which 
can react with water to form a compound having one silanol group 
in the molecule. 

Therefore, there are demands for a curable elastic 
composition ( curable rubber composition ) improved in elongation 
of the cured product and in residual tackiness, and, at the same 
time, high in curing speed and capable of giving the cured product 
of high resistance to weather. 

(2) It is known that a saturated hydrocarbon-based polymer (which 
is essentially free of an unsaturated C-C bond, except aromatic 
ring) having at least one reactive silicon group in the molecule 
shows interesting nature that it is crosslinked even at room 
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temperature by the hydrolysis of the reactive silicon group with 
moisture or the like, followed by formation of the siloxane bond 
to form a rubber-like cured product, wherein the "reactive 
silicon group" means the silicon-containing group which has a 
hydrolyzable group bound to the silicon atom and can form the 
siloxane bond. 

Such a saturated hydrocarbon-based polymer has the main chain 
composed of a saturated hydrocarbon, which is resistant to heat- 
or light -caused deterioration, can give a cured product excellent 
in resistance to heat and weather, and gas-barrier property. 
The saturated hydrocarbon-based polymer, therefore, can find 
uses, e.g. , sealant for laminated glass and elastic sealant for 
buildings . 

A silanol condensing catalyst can be used for 
crosslinking/curing a polymer having a reactive silicon group. 
Use of this type of catalyst can reduce curing time. In 
particular, a sealant for laminated glass, a product which must 
be delivered in a very short procurement period, is required 
to be cured very quickly . As such, a strong, silanol-condensing 
catalyst is required for the above purposes. 

Japanese Patent Laid-Open Publication No . 41360/1996 
discloses a curable composition which uses a compound represented 
by the general formula Q 2 Sn(OZ) 2 or [Q 2 Sn(0Z)] 2 0 (wherein, Q 
is a monovalent hydrocarbon group of 1 to 20 carbon atoms; and 
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Z is an organic group having a functional group which can form 
a coordinate bond with Sn within its structure or a monovalent 
hydrocarbon group of 1 to 20 carbon atoms) serving as the silanol 
condensing catalyst to accelerate curing of a saturated 
hydrocarbon-based polymer having a reactive silicon group. 
These curing catalysts tend to accelerate curing of the saturated 
hydrocarbon-based polymer faster than a divalent tin-based 
curing catalyst (e.g., tinoctylate) or tin carboxylate catalyst 
(e.g., dibutyl tin dilaurate) . However, curing time is required 
to be still shorter for a sealant for laminated glass, a product 
which must be delivered in a very short procurement period. 

Several additives have been proposed to accelerate the 
silanol condensation for a saturated hydrocarbon-based polymer 
having a reactive silicon group. For example, Japanese Patent 
Laid-Open Publication No . 97562/1990 discloses a curable 
composition which uses "a polyhydroxymonosilane having two or 
more silicon-bonded hydroxyl groups in the molecule . " Japanese 
Patent Laid-Open Publication No. 196842/1990 discloses a curable 
composition which uses "a silicon compound, other than 
polysiloxane, having two or more silicon-bonded hydroxyl groups 
and two or more silicon atoms in the molecule.' 7 Incorporation 
of one of these silanol compounds does improve curability, which, 
however, is still insufficient, and a more effective additive 
is in demand. 
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A sealant for laminated glass is required to have non-primer 
adhesion, i.e., to be fast adhesive to a variety of objects in 
the absence of a primer. More recently, the above property has 
been required not only for sealant for laminated glass but also 
for sealant for other purposes, e.g., by elastic sealant for 
buildings , to improve application efficiency by dispensing with 
a primer. However, the sealant which uses the above-described 
saturated hydrocarbon-based polymer containing a reactive 
silicon group is insufficient in adhesion in the absence of a 
primer . 

Japanese Patent Laid-Open Publication No . 116832/1999 
describes that the inventors have found, after having extensively 
studied to solve the above problems, that the composition can 
have improved curing speed and adhesion without causing any 
problem, e.g., deteriorated properties of the cured product, 
when incorporated with a specific compound, reaching the 
invention . 

The invention disclosed by the above publication relates 
to a curable composition of improved curing speed and adhesion, 
characterized in that it comprises (A) a saturated 
hydrocarbon-based polymer having at least one reactive silicon 
group, (B) a tetravalent tin compound, and (C) a silicon compound 
represented by the general formula R 1 a Si (OR 2 ) 4 _ a (wherein, R 1 and 
R 2 are each a hydrocarbon group of 1 to 20 carbon atoms, which 
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may be substituted or not substituted; and "a" is an integer 
of 0 to 3), in particular, comprising (A) 100 parts by weight 
of a saturated hydrocarbon-based polymer having at least one 
reactive silicon group in the molecule and molecular weight of 
5 500 to 50, 000, (B) 0.1 to 20 parts by weight of a tetravalent 
tin alcoholate, and/or (C) 0 . 01 to 20 parts by weight of a silicon 
compound represented by the general formula R x a Si (OR 2 ) 4 _ a (wherein, 
M- R 1 is an aryl group of 1 to 2 0 carbon atoms; R 2 is a hydrocarbon 

group of 1 to 20 carbon atoms, which may be substituted or not 

~*« 

'?% 10 substituted; and "a" is an integer of 0 to 3) . 

yi 



The inventors of the present invention have double-checked 



Q the curable composition described in the above publication, to 

w 

p confirm that its curing speed is admittedly improved but still 

SJ 

O insufficient. 

ru 

15 Therefore, there are demands for a curable rubber composition 

still higher in curing speed, and more excellent in adhesion 
to a variety of objects and resistance to weather. 
(3) One example of the reactive silicon group is represented 
by the formula -Si (OCH 3 ) 3 and hydrolyzable with moisture in air 

20 into -Si (OH) 3 , which reacts with another reactive silicon group 
through silanol condensation to form a siloxane bond (Si-O-Si) . 
Therefore, the polymer containing a reactive silicon compound 
can be crosslinked/cured in the presence of moisture even at 
room temperature. Of these polymers, an oxyalkylene polymer 
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with, e.g., polyoxypropylene in the main chain skeleton, has 
been widely used as sealant for buildings and other industrial 
purposes, because of its characteristics, e.g., liquid at room 
temperature and curable into a rubber elastomer. However, when 
it is used to fill a joint (i.e., gap between the construction 
material, e.g. , wall material) or the like, it leaves residual 
tackiness on the cured product surface, even after it is cured, 
deteriorating the outer appearances resulting from 
contamination of the surface with dust or the like. A paint 
may be applied to the cured product surface. In this case, the 
paint is not always sufficiently adhesive to the sealant surface , 
in particular when a solvent-based paint is used. 

Japanese Patent Laid-Open Publication No . 302213/1997 
discloses a curable composition comprising (a) an oxyalkylene 
polymer containing at least one reactive silicon group in the 
molecule, and (b) a silicon compound containing at least one 
amino group and at least one trial kyl siloxy group in the molecule . 
It is claimed to leave residual tackiness to only a limited extent , 
after it is cured, and to be highly adhesive to a paint. 

Nevertheless, improvements of these characteristics are 
still insufficient, and more improvements in curing speed and 
resistance of the cured product to weather are demanded. 

Therefore, there are demands for a curable composition high 
in curing speed, leaving little residual tackiness on the cured 




product surface, after it is cured, highly resistant to weather, 
showing high adhesion between a paint and sealant surface, when 
the former is applied, and useful for sealant, primer or the 
like. 

(4) RTV (room temperature vulcanizable) silicone rubber is well 
known as a polymer curable even at low temperature (room 
temperature) to form a rubber-like material, and has been used 
for sealants for buildings and a variety of formed materials. 
However, RTV silicone rubber, having polysiloxane in the main 
chain, is expensive and insufficient in some properties. 

Therefore, a rubber-based organic polymer curable at room 
temperature like RTV silicone rubber is proposed by, e.g., 
Japanese Patent Laid-Open Publication No . 1 5 65 99/ 1 97 5 . It has 
a rubber-based organic polymer instead of polysiloxane in the 
main chain. 

The polymer has a functional, reactive silicon group which 
is curable by forming the siloxane bond and is curable even at 
room temperature, li ke RTV silicone rubber , to f orm a rubber-li ke 
material by the following reaction. It is cheaper than 
polysiloxane , and has characteristics which polysiloxane lacks . 
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X', Si 



A Rubber-based organic polymer; 



SiXS 



Cured by hydrolysis with 
moisture and silanol condensation 




wherein, X' is a hydrolyzable group. 

Rubber is generally required to have tensile characteristics 
of low modulus and high elongation, and so is a rubber-based 
organic polymer having the reactive silicon group. 

Japanese Patent Laid-Open Publication Nos . 34066/1986 and 
34067/1986 propose incorporation of monovalent silanol compound 
or derivative thereof as the method to improve modulus and 
elongation of a cured rubber-based organic polymer having a 
reactive silicon group. 

The compound disclosed by each of the above publications 
may not always improve modulus and elongation sufficiently, and 
may leave problems , even when modulus and elongation are improved, 
e.g., insufficient curing of the cured product to leave tackiness 
on the surface, insufficient properties for formed materials 
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or sealants, and poor storage stability of the composition. In 
other words, few conventional curable compositions containing 
a rubber-based organic polymer having a reactive silicon group 
satisfy all of the requirements of excellent modulus and 
elongation of the cured product, free of residual tackiness on 
the cured product surface, and excellent storage stability of 
the composition. 

Japanese Patent Publication No. 96648/1995 discloses a 
combination of rubber-based organic polymer and organosiloxane 
compound, the former having a functional, reactive silicon group 
crosslinking-cured by the siloxane bond. However, it is still 
insufficient in curing speed and resistance to weather, among 
others . 

Therefore, there are demands for a curable composition 
containing a rubber-based organic polymer having a reactive, 
functional silicon group, which is rapidly cured with moisture, 
excellent in tensile-related properties, capable of giving a 
rubber-like elastomer free of residual tackiness on the surface, 
and improved in resistance to weather and storage stability. 
(5) It is already known that a vinyl-based resin containing a 
hydrolyzable silyl group is hydrolyzed at normal temperature 
with moisture in air to form a resin of dense network structures, 
excellent in, e.g., gloss, resistance to weather, discoloration 
and solvent, hardness, and adhesion to inorganic base mater ials . 
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A vinyl-based resin containing a hydroly zable siiyl group 
can find wide uses, e.g., paint, adhesive, coating material, 
sealant and binder, because of its favorable characteristics 
described above. 

5 However, a vinyl-based resin containing a hydrolyzable silyl 

group is not always satisfactory in adhesion to organic base 
materials. For example, a paint for repairing automobiles is 
required to be adhesive to coating films of various conventional 

O 

O paints, in particular to melamine acrylic and melamine alkyd 

SJ 

10 paints. 

m 

rt One of the known methods to improve adhesion to melamine 

H 
a 

n acrylic and melamine alkyd paints is incorporation of an 

tact? 

p amine -based si lane coupling agent or modification thereof, which, 

□ however, may cause problems, e.g., reduced storage stability 

fU 

15 of the vinyl-based copolymer containing a hydrolyzable silyl 
group and its tendency to coloration. 

Japanese Patent Laid-Open Publication No . 75567/1989 
discloses a resin composition curable at room temperature, 
comprising (A) 100 parts by weight of a vinyl-based polymer 

20 containing a silyl group, with the main chain essentially 

composed of a vinyl-based polymer chain and at least one silicon 
atom bonded to a hydrolyzable group at the terminal or in the 
side chain in the molecule, (B) 0.1 to 100 parts by weight of 
a specific silane compound, and (C) 0 to 20 parts by weight of 
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a curing catalyst. It describes that vinyl-based copolymer 
containing a hydrolyzable silyl group can have greatly improved 
adhesion to melamine alkyd paint or melamine acrylic paint, when 
incorporated with a specific silane compound, and that the resin 
composition curable at room temperature is found to have improved 
properties, e.g., hardness, and resistance to solvent and 
contamination of the cured coating film. 

However, the composition is not always satisfactory in 
resistance to weather. The publication is completely silent 
on ethylene/a-olef in/non-con jugated polyene random copolymer 
rubber . 

Therefore, there are demands for a rubber composition curable 
at room temperature, high in curing speed, excellent in 
resistance to weather, and capable of giving its highly adhesive 
cured product. 

(6) A compound having a reactive silyl group is used for various 
purposes, e.g., paint, coat ing mater ial , silane coupling agent , 
adhesive for rubber and sealant, for reactivity of its silyl 
group. In particular, the compound having a condensed silyl 
group curable at room temperature, having a reactive group, e.g., 
hydroxy, acetoxy, oxime or alkoxy group, has found wide 
applications . 

The compound having a condensed silyl group curable at room 
temperature is hydrolyzed normally in the presence of a curing 
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catalyst, although the hydrolysis proceeds with moisture in air 
in the absence of the catalyst. The well-known curing catalysts 
include organotin compounds, e.g., dibutyl tin dilaurate and 
dibutyl tin dimaleate. However, they are slow in curing speed, 
showing little curing acceleration effect under heating at low 
temperature of around 60 to 80°C, and still low curing speed 
even at baking temperature of 120 to 300°C. Therefore, there 
are demands for a catalyst higher in curing speed than the 
conventional organotin compound. There are problems to be 
solved when the catalyst is used for repairing automobiles and 
coating bridges, which need a quick-drying paint, and for the 
purposes which need a simple coating system, e.g., production 
lines for new vehicles, curtain walls and precoated metals. 

Japanese Patent La id-Open Publication No . 660/1990 discloses 
a curable composition containing, as the effective ingredients; 

(A) at least one type of compound containing a silyl group selected 
from the group consisting of polyester having at least one 
type of specific silyl group, vinyl-based copolymer with 
acrylic or methacrylic acid, diallyl phthalate-based 
compound and diallyl phthalate-based copolymer, 

(B) an amine compound selected from the group consisting of 
aliphatic amine, alicyclic amine, modified cycloaliphat ic 
polyamine and ethanol amine, 

(C) a silane coupling agent, represented by the general formula 

13 




Y 3 -Si-Z, wherein Y is an alkoxyl group; and Z is an alkyl 
group containing a functional group selected from the group 
consisting of an amino group which may be substituted with 
an aminoalkyl group or mercapto group) , and 
(D) a lacquer-based paint, an acryl lacquer-based paint, an 
acrylic resin-based paint, a thermosetting acrylic-based 
paint, an alkyd paint , a melamine paint , an epoxy-based paint , 
or organopolysiloxane . 
The publication also describes that a silyl-containing compound 
having a hydrolyzable group can be cured faster, in particular 
under heating, when incorporated with a catalyst quantity of 
a specific amine compound and silane coupling agent, and further 
with a lacquer-based, acryl lacquer-based, acrylic resin-based, 
thermosetting acrylic-based paint , alkydpaint, melamine paint , 
epoxy-based paint, or organopolysiloxane, without causing any 
adverse effect on properties of the cured product of 
lacquer-based, acryl lacquer-based, acrylic resin-based, 
thermosetting acrylic-based paint , alkydpaint, melamine paint , 
epoxy-based paint, or organopolysiloxane. 

However, the inventors of the present invention have 
double-checked the composition to confirm that it is still 
insufficient in curing speed and unsatisfactory in resistance 
to weather. It also describes a silyl-containing compound 
having a hydrolyzable group, but is completely silent on 
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ethylene/a-olefin/non-conj ugated polyene random copolymer 
rubber . 

Therefore, there are demands for a curable rubber composition, 
easily cured with moisture in air at room temperature or under 
heating, and at high speed, and excellent in resistance to weather 
of the cured product. 

(7) Japanese Patent Laid-Open Publication No . 73998/1977 , for 
example, discloses an oxyalkylene-based polymer having a 
silicon-containing group with hydroxyl and/or a hydrolyzable 
group bonded to the silicon atom, and crosslinkable by forming 
the siloxane bond ( such a silicon-containing group is hereinafter 
referred to as reactive silicon group) . It is typically 
represented by the following general formula: 

X" 3 Si ^^-^-^Oxypropylene polymery^^-^ SiX" 3 

wherein, X" is a hydrolyzable group, e.g., methoxy group. 

An oxyalkylene-based polymer having a reactive silicon group 
is cured at room temperature after forming the siloxane bond 
( Si-O-Si ) between the polymer molecules by the action of moisture 
in air, as is the case with a silicon rubber curable at room 
temperature, to form a rubber-like cured product. The cured 
product has been used for, e.g., sealant and adhesive, because 
of its excellent properties, e.g., elongation, strength and 
adhesion. 
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The rubber-like cured product, when to be used for sealant 
or the like, is required to have various properties of which 
tensile-related characteristics and adhesion to an object are 
more important. The tensile-related characteristics include 
modulus, elongation and breaking strength, and low modulus and 
high elongation as the characteristics of rubber are frequently 
required. Adhesion includes adhesive strength to an object and 
its resistance to weather, and high adhesive strength and high 
resistance to weather are required. In particular, it is 
frequently used as a sealant for buildings for transparent 
materials, e.g. , glass, and is required to have high resistance 
of adhesive strength to weather, especially while it is 
irradiated with sunray. 

Japanese Patent Laid-Open Publication No . 34 0 66/ 1 98 6 
proposes a composition comprising an oxyalkylene-based polymer 
having a reactive silicon group and a compound having a silanol 
group in the molecule and/or a compound having a hydrolyzable 
silicon group in its molecule reacting with moisture to form 
a compound with a silanol group in the molecule (hereinafter 
referred to as monovalent s ilanol-based compound) , as the one 
which gives a low-modulus cured product. 

Japanese Patent Laid-Open Publication No. 182350/1982 
discloses use of a compound having amino group and a silicon 
atom with a hydrolyzable group, e.g., 7 
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-aminopropyltrimethoxysilane (H 2 NCH2CH 2 CH2Si (OCH 3 ) 3 ) or T 
-aminopropylmethyldimethoxysilane ( H2NCH 2 CH 2 CH2Si (CH3) 
(OCH 3 ) 2 ) bonded to the silicon atom, to improve adhesion of the 
cured product of oxyalkylene-based polymer having a reactive 
silicon group. 

However, a composition containing a compound having a silicon 

atom to which 3 hydrolyzable groups are bonded, e.g.,T 
-aminopropyltrimethoxysilane, has a disadvantage of 
deteriorated effect of the monovalent silanol-based compound, 
due to increased modulus of its cured product. On the other 
hand, a composition containing a compound having a silicon atom 

to which 2 hydrolyzable groups are bonded, e.g., 7 
-aminopropylmethyldimethoxysilane , has a disadvantage of 
insufficient resistance of its adhesive strength to weather, 
although its cured product scarcely has an increased modulus. 

Japanese Patent Laid-Open Publication No . 1 17 955 / 1 9 90 
proposes a composition comprising an oxyalkylene-based polymer 
having a reactive silicon group and monovalent silanol-based 
compound, incorporated with a compound having amino group and 
a silicon atom to which 2 hydrolyzable groups are bonded, and 
a small quantity of a compound having amino group and a silicon 
atom to which 3 hydrolyzable groups are bonded, as the curable 
composition of improved modulus-related properties, adhesive 
strength to an object and resistance of adhesive strength to 
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weather. However, the curable product of the above composition 
is still insufficient in resistance to weather, leaving room 
for further improvement. 

Therefore, there are demands for a curable composition high 
in curing speed, giving a weather-resistant cured product, and 
suitable for adhesive, sealant or the like. 

(8) Japanese Patent Laid-Open Publication No . 73998/1977 , for 
example, discloses an oxyalkylene-based polymer having a 
silicon-containing group with hydroxyl and/or a hydrolyzable 
group bonded to the silicon atom, and crosslinkable by forming 
the siloxanebond ( such a silicon- containing group is hereinafter 
referred to as reactive silicon group) . It is typically 
represented by the following general formula: 



wherein, X" is a hydrolyzable group, e.g., methoxy group. 

An oxyalkylene-based polymer having a reactive silicon group 
is cured at room temperature after forming the siloxane bond 
{ Si-O-Si ) between the polymer molecules by the action of moisture 
in air, as is the case with a silicon rubber curable at room 
temperature, to form a rubber-like cured product. The cured 
product has been used for, e.g., sealant and adhesive, because 
of its excellent properties, e.g., elongation, strength and 
adhesion . 
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In general, the polymer is frequently used as a composition 
incorporated with a filler for, e.g., cost reduction . However, 
incorporation of a filler substantially increases the viscosity 
of the composition, and use of a plasticizer is technically 
essential to sufficiently reduce the viscosity to make the 
composition processable by the common method. 

In general, use of a filler or plasticizer causes various 
problems, of which deteriorated storage stability, especially 
that leading to decreased curing speed of the stored composition, 



q 10 is more serious. 

i 

P Therefore, there are demands for a curable composition high 

M 

■ in curing speed and storage stability (especially quickly cured 

W when it is used, even after being stored for extended periods) , 

and giving a weather-resistant cured product. 
15 (9) A vinyl-based resin containing silyl group is characterized 
in that it is curable at room temperature with moisture, in 
particular that in air, which opens up wide applicable areas 
for the composition. However, its disadvantages of short pot 
life and insufficient resistance to weather have sometimes 
20 limited its applications. 

Japanese Patent Publication No. 47747/1988 proposes an 
invention relating to a vinyl-based resin composition. The 
vinyl-based resin (A) containing silyl group for the composition 
has at least one silyl group represented by 
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(Ri) a R 2 




CH 



(wherein, R x and R 2 are each hydrogen or monovalent hydrocarbon 
group selected from the group consisting of alkyl, aryl and 
aralkyl group of 1 to 10 carbon atoms; X is a halogen or a group 
selected from the group consisting of alkoxy, acyloxy, aminoxy, 



or phenoxy group; and xx a" is an integer of 0 to 2) 

in the molecule, and also has a molecular weight of 1,000 to 

20, 000. 

The publication describes that the curable composition is 
stable, and comprising (A) the above vinyl-based resin, (B) an 
alcohol and/or alkyl orthof ormate, and (C) an alkoxysilane 
compound. It also describes that the invention relates to a 
composition containing a compound which contains a silyl group 
at the terminal or in the side chain. It is curable at room 
temperature with moisture, in particular that in air, which is 
characteristic of a vinyl-based resin containing a silyl group, 
and, at the same time, is characterized by stability of long 
pot life. As such, it is very suitable as a resin for solventless 
or high solid content type paint, which has been attract ing much 
attention as the non-polluting, energy-saving type paint. In 



phenoxy, thioalkoxy and amino group, at least one being alkoxyl 
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particular, the resin of the invention , the publication describes , 
has a lower molecular weight than the conventional vinyl-based 
resin, which brings about a great advantage that it is applicable 
more easily to a non-polluting or high solid content type paint. 
The vinyl-based resin containing a silyl group for the 
composition of the invention can be easily produced by, e.g., 
reacting a vinyl-based resin having a C-C double bond with a 
hydrosilane compound in the presence of a catalyst of Group VIII 
transition metal. 

However, the inventors of the present invention have 
double-checked the curable composition to confirm that it is 
still insufficient in curability at room temperature and 
resistance to weather, although it admittedly has the 
above-described characteristics. 

Therefore, there are demands for a curable rubber composition 
high in storage stability and curing speed, and giving a highly 
weather-resistant cured product. 

(10) A silicon-containing group having a hydrolyzable group 
bonded to the silicon atom and cross linkable by forming a siloxane 
bond (such a group is hereinafter referred to as reactive silicon 
group) may be represented by -Si (OCH 3 ) 3 , which is a well-known 
functional group. 

This functional group is hydrolyzed with moisture, e.g., that 
in air, into -Si (OH) 3 or the like, which reacts with another 
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reactive silicon group to form a siloxane bond (Si-O-Si) by 
silanol condensation . 



(CH 3 0) 3 Si~ 
[ (HO) 3 Si- 



Si(OCH 3 ) 3 
■~ Si (OH) 3 ] 



Si0) 3 Si 



Si(0Si' 



Therefore, a polymer having a reactive silicon group can 
be crosslinked/cured even at room temperature in the presence 
of moisture. Of these polymers, the one with a rubber-based 
main chain skeleton has characteristics of being highly viscous 
liquid at room temperature and being cured into a rubber elastomer, 
and is widely used as sealant for buildings and other industrial 
purposes. Such sealant is applied to a gap (joint) of a 
const ruction material , to fill up and keep it water- and air-tight , 
after it is cured. 

Of these rubber-based polymers, a saturated 
hydrocarbon-based polymer, e.g., polyisobutylene, can yield a 
cured product excellent in resistance to weather and heat, and 
gas-barrier property. High gas-barrier property means high 
moisture -bloc king property, which is a disadvantage for a polymer 
to be cured with moisture in air, because it needs a fairly long 
time, a week or more, to be thoroughly cured inside, although 
cured soon on the surface. Japanese Patent Laid-Open 
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Publication No . 185565/1990 proposes a composition which is 
dispersed with a hydrate of metallic salt to be quickly cured 
at room temperature to deep inside. 

The polymer having a reactive silicon group is frequently 
used after being incorporated with a silanol condensing catalyst 
(curing catalyst) , filler, plasticizer or the like to form the 
curable composition. The curable compositions may fall into 
two general categories, one-liquid and two-liquid types. The 
one-liquid type curable composition is a liquid containing all 
of the above-described additives. It is convenient in that it 
needs no mixing procedure before use, but must be kept completely 
dehydrated to prevent curing before use. On the other hand, 
two-liquid type curable composition is less convenient in that 
it needs the mixing procedure before use, but not necessarily 
kept dehydrated as completely as the one-liquid type, because 
the polymer having a reactive silicon group will not be cured 
easily in the absence of the silanol condensing catalyst, even 
when moisture is present to some extent. 

A hydrate of metallic salt, described above, cannot be used 
as the moisture source for curing the polymer which is used to 
produce a one-liquid type curable composition, because curing' 
of the polymer will start as soon as it is mixed with a silanol 
condensing catalyst and the hydrate. 

Titanium and tin compounds are frequently used as silanol 
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condensing catalysts. Many of them are decomposed in the 
presence of moisture, and it is considered that the siianol 
condensing catalysts are decomposed by a hydrate of metallic 
salt. Therefore, a hydrate of metallic salt, when used as the 
moisture source, is added to a curable composition immediately 
before the composition is used (cured) , or to the ma j or ingredient 
of a two-liquid type composition, i.e., that containing the 
polymer component . 

However, it is inconvenient to add only the hydrate of metallic 
salt immediately before the composition is used (cured) . 
Moreover, incorporation of the hydrate of metallic salt in the 
major ingredient may cause another problem i.e., increased 
viscosity of the major ingredient as a result of curing of the 
polymer having a reactive silicon group, although to a limited 
extent . 

A sealant is frequently incorporated with a silane coupling 
agent as the tackifier. However, a silane coupling agent is 
liable to react with moisture , and cannot be added as the additive 
neither to the ma jor ingredient nor hardening agent . For example, 
a silane coupling agent such as T-isocyanate 

propyltrimethoxysilane (ONCCH 2 CH 2 CH 2 Si (OCH 3 ) 3) reacts with a 
hydrate of metallic salt when added to the major ingredient, 
and is decomposed by the siianol condensing catalyst when added 
to the hardening agent, with the result that it will no longer 
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work as the silane coupling agent for, e.g., increasing 
tackiness . 

Japanese Patent Laid-Open Publication No. 182992/1998 
discloses a curable composition. The object of the invention 
is to provide a curable composition of a saturated 
hydrocarbon-based polymer and a hydrate of metallic salt as the 
moisture source, the former having a silicon-containing group, 
e.g. , a hydrolyzable group of silicon to which moisture-curable 
polyisobutylene is bonded, and crosslinkable by forming the 
siloxane bond, as the composition showing no increase in 
viscosity while it is being stored. Another object of the 
invention is to provide a curable composition which can 
incorporate a compound, e.g., that, like a silane coupling agent , 
having a reactive silicon group readily reactive with moisture. 
The invention provides a two-liquid or multi-liquid type curable 
composition with hydrate of metallic salt incorporated in a 
hardening agent containing a silanol condensing catalyst. In 
short, the invention provides a two-liquid and multi-liquid type 
curable compositions composed of at least two types of liquids 
of (A) a major ingredient of saturated hydrocarbon-based polymer 
having a hydrolyzable group bonded to silicon, and a 
silicon-containing group crosslinkable by forming the siloxane 
bond, and (B) a hardening agent containing a silanol condensing 
catalyst and hydrate of metallic salt. 
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However, there is still room for improvement in the 
isobutylene-based polymer as the saturated hydrocarbon-based 
polymer of the invention, because of its insufficient curing 
speed and resistance to weather. 

The publication is silent on a mult i- liquid type curable rubber 
composition, composed of at least two types of liquids, 
containing a silyl-containing 

ethylene/oc-olef in/non-conjugated polyene random copolymer 
rubber which has a structural unit derived from a norbornene 
compound as the non-conjugated polyene with a specific terminal 
vinyl group, and contains a specific hydrolyzable silyl group 
in the molecule. 

Therefore, there are demands for a curable rubber composition 
which incorporates a hydrate of metallic salt as the moisture 
source, showing no increase in its viscosity while being stored, 
high in curing speed and resistance to weather, and can 
incorporate a compound having a reactive silicon group readily 
reactive with moisture, e.g., a silane coupling agent. 
(11) Japanese Patent Laid-Open Publication No. 6041/1988 
discloses an isobutylene-based polymer having, at the molecular 
terminal, a silicon-containing group with hydroxyl or a 
hydrolyzable group bonded to the silicon atom and crosslin kable 
by forming the siloxane bond ( such a group is hereinafter referred 
to as reactive silicon group) . It is curable even at normal 
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temperature with moisture into a rubber-like cured product 
excellent in properties, e.g., resistance to heat, water and 
weather . 

However, the cured product necessarily has a long molecular 
chain to have good rubber elasticity, which invariably increases 
its viscosity and makes it difficult to handle. This 
disadvantage may limit its use, due to difficulty in application . 
Decreasing the viscosity of the polymer to avoid the above 
problems will invariably cause insufficient elongation-related 
properties of the polymer. The high moisture-barrier property 
of the cured isobutylene-based polymer may deteriorate its 
curability, because of insufficient supply of moisture necessary 
for curing. 

Japanese Patent Laid-Open Publication No . 252 670/1 98 9 
proposes, in order to solve the above problems, a curable resin 
composition comprising a saturated hydrocarbon-based polymer 
having at least one silicon-containing group with hydroxyl or 
a hydrolyzable group bonded to the silicon atom and crosslinkable 
by forming the siloxane bond, and also an organosilicon polymer. 
The composition, however, cannot always solve the above problems 
sufficiently, and is insufficient in resistance to weather and 
curing speed of the cured product. 

Therefore, there are demands for a composition low in viscosity , 
good in workability, sufficient in curing speed, excellent in, 
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e.g. , resist anceto weather, heat and water, and capable of giving 
a rubber-like cured product high in strength and elongation (low 
modulus of elasticity) . 
(12) The main chain skeleton of an 

ethylene /a-ole fin /non-con j ugated polyene random copolymer 
rubber is composed of a structural unit derived from ethylene 
and that from a-olefin, and a small quantity of copolymerized 
non-conjugated polyene-based monomer as the third component to 
introduce the unsaturated C-C bond necessary for crosslinking . 
As a result, it is used as a vulcanizable elastomer which can 
give the vulcanized product much higher in resistance to heat 
and weather than a diene-based elastomer , e.g., natural rubber, 
polyisoprene or polybutadiene . However, resistance to weather 
of the vulcanized product is still damaged by the unsaturated 
C-C bond for vulcanization, although it has a significantly 
smaller quantity of the unsaturated C-C bond than a diene-based 
elastomer . 

Viewed from vulcanization speed, it is slow due to insufficient 
quantity of the unsaturated C-C bond, limiting speed of the 
production line for vulcanization. This should be one of the 
causes for a cost increase. 

Therefore, there are demands for a rubber composition high 
in vulcanization speed, improved in resistance to weather and 
excellent in mechanical strength, while keeping the various 
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favorable characteristics of an 

ethyl ene /a- olefin /non-con j ugated polyene random copolymer 
rubber, e.g., excellent resistance to heat and chemicals of the 
vulcanized product . 

(13) A polymer having a hydrolyzable silyl group (a 
silicon-containing group having hydroxyl or a hydrolyzable group 
bonded to the silicon atom, and capable of forming the siloxane 
bond) is crosslinked/cured in the presence of moisture, and hence 
can be used as a curable composition. Of these polymers, the 
one with polyether serving as the main chain skeleton is generally 
known as a modified silicone, and hasbeenwidelyused for sealant 
or the like . 

A mixture of a polymer having a hydrolyzable silyl group and 
a curable resin which is compatible with the polymer and curable 
through a different curing reaction shows phase separation when 
cured, and can form cured products of various layered structure . 
Properties of a cured product obtained from the composition 
composed of a polymer having a hydrolyzable silyl group and epoxy 
resin compatible therewith greatly depend on cohesive force of 
the matrix. A method is proposed for incorporating a silane 
coupling agent which controls production of such cured product 
and for changing its content, as disclosed by Japanese Patent 
Laid-Open Publication No . 292616/1992 . 

The above-described curable composition can be controlled 
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for the layered structure of the cured product. Therefore, the 
curable resin composition can be improved in modulus of 
elasticity and tensile shear strength, because size of the 
dispersed epoxy resin particles and matrix strength can be 
changed over a wide range. However, the resin composition is 
still insufficient in curing speed and resistance to weather. 

Therefore, there are demands for a rubber composition high 
in adhesion and curing speed, and giving various types of cured 
products of high resistance to weather and other characteristics , 
e.g., a cured product of greatly varying layered structures, 
another cured product of low modulus of elasticity and high 
elongation, or still another cured product of high modulus of 
elasticity and tensile shear strength realized by decreasing 
size of the dispersed epoxy resin particles and increasing epoxy 
resin content of the matrix. 

(14) A rubber-based organic polymer having a hydrolyzable silyl 
group, although showing an interesting characteristic that it 
can be cured even at room temperature into a rubber elastomer, 
normally has a disadvantage of insufficient strength of the cured 
product, which limits its applicable areas. 

Japanese Patent Laid-Open Publication No. 280217/1987 
discloses a curable composition composed of a rubber-based 
organic polymer having a hydrolyzable silyl group and epoxy resin, 
incorporated with two types of silicon compounds, one having 
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both a functional group reactive with an epoxy group and 
hydrolyzable silicon group in the molecule, and the other having 
at least two hydroxyl groups bonded to a silicon atom in the 
molecule, in order to overcome the disadvantages of the 
conventional cured rubber-based organic polymer having a 
hydrolyzable silyl group. 

Incorporation of these silicon compounds into the curable 
composition improves insufficient strength of the rubber-based 
organic polymer having a hydrolyzable silicon group, and gives 
the cured product of high strength irrespective of moisture 
quantity. The composition, however, still has disadvantages 
of insufficient curing speed and resistance of the cured product 
to weather. 

Therefore, there are demands for a curable rubber composition 
improved in toughness and strength, giving the cured product 
of high strength irrespective of moisture quantity, and, at the 
same time, high in curing speed and giving the cured product 
of high resistance to weather. 

(15) Asaturated hydrocarbon-based polymer containing a reactive 
silicon group is crosslinked by hydrolysis of the reactive 
silicon group with moisture proceeding even at room temperature 
and subsequent formation of the siloxane bond, to give a 
rubber-like cured product. As such, it is used as sealant for 
laminated glass and elastic sealant for buildings. 
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The elastic sealant for buildings is generally incorporated 
with a filler of, calcium carbonate, e.g., gelatinized calcium 
carbonate or limestone powder. The composition incorporated 
with gelatinized calcium carbonate for sealants is high in 
thixotropy, has less thready, and hence is high in workability. 
The cured product is suitable for sealants for buildings , because 
of its tensile-related properties of low modulus and high 
elongation . 

Limestone powder, on the other hand, is used as a bulking 
agent . 

A sealant for laminated glass is required to have a sufficiently 
high modulus and strength to support the glass, unlike a sealant 
for buildings which is required to have a low modulus and high 
elongation. It is therefore essential for a sealant for 
laminated glass to have mechanical properties, e.g., strength 
and hardness, and, at the same time , good workability . However, 
a composition containing a saturated hydrocarbon-based polymer 
having a reactive silicon group cannot simultaneously satisfy 
these properties. 

Japanese Patent Laid-Open Publication No . 316804/1998 
discloses a saturated hydrocarbon-based polymer having a 
reactive silicon group incorporated with calcium carbonate and 
talc as the curable composition that can solve the problem of 
inclusively satisfying these properties . However, the proposed 
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composition may not always sufficiently satisfy workability and 
mechanical properties. Moreover, it is not always satisfactory 
in curing speed and resistance to weather of the cured product. 

Therefore, there are demands for a rubber composition 
well-balanced between workability and mechanical properties of 
the cured product, sufficient in curing speed and resistance 
to weather of the cured product, and suitable as a sealant for 
laminated glass. 

(16) A curable polymer is a liquid or the like moldable before 
curing, giving a solid, e.g., rubber-like one, of high strength 
when cured. The curable polymer is widely used for adhesives 
and sealants . The adhesives and sealants for glass and plastics 
are required to have an additional property of resistance to 
light, because the surface for which they are used is irradiated 
with light, unlike the ones which are used for opaque materials . 
They completely lose the function of adhesive or sealant, when 
deteriorated with light, because the adhesive layer will peel 
off. Adhesion is specifically referred to as weather-resistant 
adhesion, when it is required to have resistance to light as 
an important property for transparent materials. An adhesive 
or sealant for buildings, in particular, is required to retain 
the additional property of weather-resistant adhesion for 
extended periods. The adhesion layer is very thin and will lose 
weather-resistant adhesion, when it is made of a material 
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insufficient in resistance to weather to any extent. There are 
not many materials which show excellent weather-resistant 
adhesion. 

A saturated hydrocarbon-based polymer having a crosslinkable 
silicon group falling into the category of curable polymers is 
cured, e.g., by the actions of moisture in air. When cured, 
it will show favorable characteristics, e.g., high resistance 
to weather and heat, adhesion in the presence of water, 
non-polluting nature, and lowmoisture permeability . Moreover, 
it shows good workability and is sprayed smoothly, because it 
can be fluid to have an adequate viscosity and structural 
viscosity (thixotropy) at room temperature. In addition, the 
polymer is not malodorous, giving off little odor while being 
handled, and particularly suitable for sealants (Japanese Patent 
Laid-Open Publication No . 604 1/1 988 ) . Japanese Patent 
Laid-Open Publication No . 1 98 673/1 98 9 describes that the above 
polymer can be used as a sealant also for transparent material, 
e.g., laminated glass . When used for laminated glass, it brings 
about the merits of increasing line production speed and showing 
its effect by single sealing, instead of double sealing required 
for the conventional one, because it can be quickly cured under 
heating. It can be also used for laminated glass double-sealed 
by the common method, needless to say. 

It is found, however, when a curable composition containing 
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a saturated hydrocarbon-based polymer having a crosslinkable 
silicon group is used for some transparent materials, in 
particular surface-treated glass such as heat ray reflective 
type, the cured composition may not always show sufficient 
weather-resistant adhesion . 

Japanese Patent Laid-Open Publication No . 28 68 95 / 1 9 97 
proposes a curable composition containing a saturated 
hydrocarbon-based polymer having a crosslinkable silicon group 
incorporated with a combination of specific light stabilizer 
and silane coupling agent, as the one with improved 
weather-resistant adhesion for surface-treated glass . However, 
its cured product is still insufficient in resistance to weather, 
and there is room for improvement in its curing speed. 

Therefore, there are demands for a curable composition high 
in curing speed, giving its cured product of high resistance 
to weather, and suitable for adhesives and sealants. 
(17) A polyalkylene oxide-based polymer, e.g., polypropylene 
oxide-based polymer, having a reactive silicon group at the 
terminal of the molecule is already known. It has a 
characteristic of being cured with moisture even at room 
temperature into a rubber-like solid. However, the polymer has 
disadvantages of insufficient resistance to heat, water and 
weather . 

Therefore, there are demands for a curable rubber composition 
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containing, as the main ingredient, a silyl-containing rubber 
containing a specific hydrolyzable silyl group in the molecule, 
and giving the cured product excellent in resistance to weather 
and heat . 

(18) A saturated hydrocarbon-based polymer having at least one 
reactive silicon-containing group, with hydroxyl or a 
hydrolyzable group bonded to the silicon atom and crosslinkable 
by forming the siloxane bond, is known to show interesting nature 
that it is crosslinked with moisture or the like even at room 
temperature by forming the siloxane bond accompanied with the 
hydrolysis or the like of the reactive silicon group, to form 
a rubber-like cured product . Therefore, it is useful for, e.g., 
sealants for laminated glass and elastic sealants for buildings . 

A sealant for laminated glass is required to have non-primer 
adhesion, i.e., to be fast adhesive to various objects in the 
absence of a primer. More recently, the above property has been 
required not only for sealant for laminated glass but also for 
sealant for other purposes, e.g., by elastic sealant for 
buildings, to improve application efficiency by dispensing with 
a primer. However, the sealant which uses the above-described 
saturated hydrocarbon-based polymer containing a reactive 
silicon group is insufficient in adhesion in the absence of a 
primer . 

Moreover, a sealant for laminated glass, in particular that 
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for the glass fringe, is required to be excellent especially 

in weather-resistant adhesion. The above-described saturated 

hydrocarbon-based polymer containing a reactive silicon group 

is somehow insufficient in weather-resistant adhesion. In 

5 particular, it has a disadvantage of insufficient 

weather-resistant adhesion for highly insulating, heat ray 

reflective glass, which has been widely used recently. 

y, Japanese Patent Laid-Open Publication No . 152584/1998 
G 

Q discloses a curable composition comprising (A) a saturated 

5 10 hydrocarbon-based polymer containing at least one reactive 

in 



silicon group, (B) a silane coupling agent, and (C) a compound 
containing an unsaturated group in the molecule which triggers 
polymerization by reacting with oxygen in air, and/or 
£3 photopolymerizable compound. However, this curable 

15 composition has still room for improvement both in curing speed 
and resistance to weather. 

Therefore, there are demands for a curable composition 
containing, as the main ingredient, a saturated 
hydrocarbon-based polymer having a reactive silicon group which 
20 is highly adhesive to various materials, improved in 

weather-resistant adhesion for various types of glass, in 
particular heat ray reflective glass , and excellent in resistance 
to weather and curing speed. 

(19) A silicone-based tack agent of silicone resin based on 
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dimethyl polysiloxane rubber is known as a heat-resistant tack 
agent . 

However, it is generally known that this silicone-based tack 
agent has disadvantages, e.g., strong tackiness with non-polar 
compounds, e.g., polytetraf luoroethylene, and compatibility 
with the so-called silicone releasing paper coated with a 
silicone releasing agent, because both contain polysiloxane, 
making itself difficult to peel off the releasing paper and 
damaging its releasing effect. 

On the other hand, tack agents of good releasing property 
include those composed of a component having only an organic 
skeleton, e.g., rubber-based tack agents, such as natural or 
synthetic rubber incorporated with a tackifier resin, and 
acrylic-based tack agents produced by copolymerization with an 
acrylate ester. They have their own disadvantages; for example, 
the former is of non-crosslinking type and cannot be expected 
to have high resistance to heat, while the latter, although 
crosslinkable by the actions of a crosslinking agent, e.g. , that 
of isocyanate, incorporated therein, may not give the crossl inked 
product itself showing sufficient resistance to heat. 
Therefore, they may not show sufficient resistance to heat as 
a tack agent. 

Recently, use of a group containing hydrolyzable silicon is 
proposed to obtain a tack agent of high resistance to heat, wherein 
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the group triggers a condensation reaction in the polymer of 
organic skeleton in which it is incorporated, to form the 
thermally stable siloxane crosslinking. 

Such a tack agent composition is disclosed by, e.g., Japanese 
Patent Laid-Open Publication No . 71377/1984 . This 
siloxane-crosslinking type tack agent has a disadvantage of poor 
relesability, as is the case with the above-described 
silicone-based tack agent, in spite of its polymer main chain 
being essentially of organic skeleton. More concretely, when 
it is adhered to a releasing paper or film coated with a 
silicone-based releasing agent, or when a laminate with the tack 
agent on one side of the base and silicone-based releasing agent 
on the other side is wound, exfoliation resistance between the 
tack agent and releasing paper or releasing film increases with 
time, possibly breaking the releasing paper when the worst comes 
to the worst, and making it impossible to release the paper. 

As is generally known, a silicone-based releasing paper 
frequently serves as the essential component of adhesive tapes, 
and the so-called silicone-based tack agent described above is 
not well separated from a silicone-based releasing paper. 
Although development of releasing paper coated with a 
non-silicone-based (e.g., fluorine-based) releasing agent has 
been considered, application of the tackagent to releasing paper 
is limited, because it is not smoothly separated from the paper. 
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Japanese Patent Laid-Open Publication No. 60771/1986 
discloses a tack agent composition comprising (A) an organic 
polymer containing at least one hydrolyzable silicon group in 
the molecule, (B) a tackifier resin, and (C) a specif ic organic 
zirconium or aluminum as the curing catalyst. It is developed 
in consideration of the actual situations that there is no tack 
agent composition high in resistance to heat and well releasable 
from a releasing paper coated with a silicone-based releasing 
agent. The composition is said to be well releasable from a 
silicone-based paper or film. 

However, further improvements in releasability and resistance 
to heat have been desired. Moreover, improvements in resistance 
to weather and curing speed are left as the major technical 
problems to be solved. 

Therefore, there are demands for a tack agent composition 
high in resistance to heat, well releasable from a releasing 
paper or the like coated with a silicone-based releasing agent, 
and also high in curing speed and resistance to weather. 
(20) Japanese Patent Laid-Open Publication No . 3 63 95 / 1 97 9 
describes that a vinyl-based resin containing a hydrolyzable 
silyl group at the terminal or in the side chain is not only 
excellent in, e.g., gloss, resistance to weather and 
discoloration, but improved in adhesion to inorganic materials 
by the actions of the hydrolyzable silyl group, and forming a 
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resin of dense network structures by crosslinking at room 
temperature with moisture, in particular that in air to have 
high hardness, and resistance to solvent, water, heat and 
weather . 

According to Japanese Patent Laid-Open Publication 
No. 63351/1982, however, the vinyl-based resin containing a 
hydrolyzable silyl group, although giving an excellent resin 
when cured in the presence of a curing catalyst, has a disadvantage 
of short pot life in the open atmosphere, in particular when 
the vinyl -based resin having 3 hydrolyzable silyl groups contains 
the curing catalyst. 

The above publication also describes the followings. 

The inventions to improve the pot life in open atmospheres 
have been already applied for patents. For example, USP 
4,043,953 discloses an invention which improves pot life of a 
polymerized organic silane in the presence of a curing catalyst, 
wherein the polymer is produced by copolymerization of a monomer 
containing a CH 2 =C< group, except the one containing an active 
hydrogen group, e.g., hydroxyl, carboxyl and amide group, with 
acrylate alkoxysilane, methacrylate alkoxysilane or vinyl 
alkoxysilane, and incorporated with a hydrolyzable, reactive 
silane monomer represented by the general formula X n Si(OR) 4 - n 
(wherein, X is an organic group of 1 to 12 carbon atoms; R is 
methyl, ethyl, 2-methoxymethyl , 2-ethoxyethyl , or an alkyl group 
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having a carbon number of 5 or less; and "n" is an integer of 
0 to 2) at 0 . 5 to 15% by weight, based on the polymerized organic 
silane . 

The curing catalysts useful for the above invention include 
5 anorganicacid, e.g., p-toluene sulfonate and n-butyl phosphate ; 
metallic salt of orgaic acid, e.g., tin naphthenate, dibutyl 
tin dilaurate, iron stearate and lead octenate ; and organic amine , 
M* e.g., boron isodiamine, methylene diamine and imidazole at 0.1 

o 

to 5% by weight, preferably 0.2 to 1% by weight. However, the 
10 pot life was measured after the polymerized organic silane, 
hydrolyzable, reactive silane monomer and curing catalyst were 

"TS 

□ stored in a closed condition in the embodiments . The publication 

is silent on pot life in an open atmosphere, which is of practical 
importance . Indeed, pot life of the polymerized organic silane, 
15 hydrolyzable, reactive silane monomer and curing catalyst, as 
described in the USP publication, in an open atmosphere is 
satisfactory only when an organic amine is used, and short in 
the other cases. However, the resin cured in the presence of 
an organic amine has a disadvantage of coloration by the amine, 
20 and development of other catalysts has been desired. 

Japanese Patent Laid-Open Publication No . 63351 /1982 
discloses a composition of improved pot life, developed under 
the above situations. The publication discloses a composition 
of improved pot life, comprising 

42 



□ 



□ 



SF-768 



% 



100 parts by weight of a vinyl-based silyl group containing 
resin with the main chain essentially composed of a vinyl-based 
polymer and having at least one silicon group bonded to a 
hydrolyzable group in the molecule at the terminal or in the 
side chain, and 

0.01 to 10 parts by weight of a curing catalyst selected from 
the group consisting of a mercaptide type organotin compound 
having the Sn-S bond, a sulfide type organotin compound having 
the Sn=S bond, a mixture of a carboxylate type organotin compound 
and a mercaptide type organotin compound having the Sn-S bond, 
a mixture of a carboxylate type organotin compound and a sulfide 
type organotin compound having the Sn=S bond, a mixture of a 
carboxylate type organotin compound and organic carboxylic acid, 
a mixture of a carboxylate type organotin compound and organic 
carboxylate anhydride, and a mixture of an organic carboxylate 
compound and organic carboxylate anhydride. 

The above-described vinyl-based resin containing silyl group 
can be produced by reacting a hydrosilane compound with a 
vinyl-based resin having the C-C double bond in the presence 
of a catalyst of Group VIII transition metal. The publication 
describes that the vinyl-based resin useful for the invention 
is not limited, except that it contains a hydroxyl group, and 
that the adequate resins include (meth) acrylate ester, e.g., 
methyl (meth) acrylate, ethyl (meth) acrylate, butyl 



43 



m 

H 



w 



SF-768 



% 



(meth) acrylate and 2-ethylhexyl (meth) acrylate; carboxylic 

acid, e.g., (meth) acrylic acid, itaconic acid and fumaric acid; 

acid anhydride, e.g., maleic anhydride; epoxy compound, e.g., 

glycidyl (meth) acrylate; amino compound, e.g., 

5 diethylaminoethyl acrylate and aminoethylvinyl ether; amide 

compound, e.g., (meth ) acrylamide , amide itaconate, 

a-ethylacrylamide, crotonamide, diamide fumarate, diamide 

H maleate and N-butoxymethyl (meth) acrylamide; 

O 

O and resin containing, as the main ingredient, a copolymer 

H 

' 10 selected from the group consisting of acrylonitr ile , styrene, 
a-methyl styrene, vinyl chloride, vinyl acetate, vinyl 
propionate and the like. 

Japanese Patent Laid-Open Publication No . 63351/1982, however, 



□ is silent on ethylene/a-olef in/non-con j ugated polyene random 

ru 

15 copolymer rubber produced by copolymerization of ethylene, 
a-olefin of 3 to 20 carbon atoms and norbornene compound having 
vinyl group (=C=CH 2 ) at the terminal , instead of the vinyl-based 
resin . 

Therefore, there are demands for a curable rubber composition 
20 composed of an ethylene/a-olef in/non-conjugated polyene random 
copolymer rubber containing a hydrolyzable silyl group at the 
terminal or in the side chain and curing catalyst, improved in 
pot life inan open atmosphere, high in curing speed, andexcellent 
in resistance to weather. 
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(21) A curable composition containing an organotin compound is 
already known, where the organotin compound is in the form of 
a saturated hydrocarbon-based polymer having at least one 
silicon-containing group with hydroxyl or a hydrolyzable group 
bonded to the silicon atom and crosslinkable by forming the 
siloxane bond (such a silicon-contaiing group is hereinafter 
referred to as reactive silicon group) . However, such curable 
composition involves various problems, e.g., low in cur ing speed, 
residual tackiness and insufficient curing of the thin film. 

Japanese Patent Laid-Open Publication No. 41360/1996 
describes use of a specific organotin compound in order to solve 
the above problems. However, the composition has been strongly 
desired to have further improved curing speed . At the same time, 
improvement in resistance to weather has been left as the major 
problem to be solved. 

Therefore, there are demands for a curable composition forming 
the three-dimensional network structures with moisture in air, 
quickly cured into the solid of rubber-like elasticity, and 
excellent resistance to weather. 

(22) A saturated hydrocarbon-based polymer having at least one 
reactive silicon group in the molecule is known to have 
interesting nature that it is crosslinked with moisture or the 
like even at room temperature by forming the siloxane bond 
accompanied with the hydrolysis or the like of the reactive 
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silicon group , to form a rubber-like cured product . The polymer 
is excellent in resistance to heat, water and weather, and useful 
for sealants for laminated glass and elastic sealants for 
buildings . 

The sealant for laminated glass is required to have excellent 
non-primer adhesion, i.e. , to be fast adhesive to various objects 
in the absence of a primer. More recently, the above property 
has been required not only for sealant for laminated glass but 
also for sealant for other purposes, e.g., by elastic sealant 
for buildings, to improve application efficiency by dispensing 
with a primer. However, the sealant which uses the 
above-described saturatedhydrocarbon-basedpolymer containing 
a reactive silicon group is insufficient in adhesion in the 
absence of a primer. Moreover, it is not always satisfactory 
in curing speed and resistance to weather. 

Therefore, there are demands for a curable rubber composition 
containing, as the major ingredient, rubber containing a 
hydrolyzable silyl group, high in curing speed, and excellent 
in adhesion to various objects and in resistance to weather. 
(23) The vehicle bodies have been coated with an underbody coating 
material on the back side of the floor or sides for various purposes , 
e.g. , prevention of damages by gravel or the like bounded back 
on a running vehicle, rust prevention and damping to reduce 
vibration and noise, and also with a body sealer on a place 
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structurally difficult to treat for rust prevention, e.g., joint 
between the internal and external plates, for prevention of rust 
by rainwater, moisture or the like. Vinyl chloride sol has been 
used as the material suitable for the above purposes. 
5 Recently, the coating material for vehicles is strongly 

required to have better functions, e.g., still improved 
rust-prevention and damping effects by the thinner film for 
M reducing weight, and reduced vehicle baking temperature or even 

O dispensing with the baking step for resources- and energy-saving 

NI 
Ft 

y| 10 viewpoints. 

Vinyl chloride sol, although inexpensive and meeting the 
minimum requirements, has a disadvantage that sufficient 
rust-preventive effect or resistance to chipping (or 

O damage-preventive effect) may not be realized at low baking 

ffj 

temperature, because of slow gelation. Moreover, its damping 
effect is inherently not very high, and tends to further 
deteriorate as the coating film is required to be thinner. 

Japanese Patent Laid-Open Publication No. 41349/1996 
discloses a coating material for vehicles comprising a saturated 
hydrocarbon-based polymer having a reactive silicon group as 
the crosslinking group. It is improved in various properties, 
e.g., those related to low-temperature baking, rust prevention , 
resistance to chipping and damping as compared with vinyl 
chloride sol. Nevertheless, however, these properties are 
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still insufficient, in particular damping property being 
expected for further improvement. Improvements are also 
expected for curing speed and weather resistance of the coating 
film thereof. 

Therefore, there are demands for a curable composition, e.g. , 
coating material for vehicles, high in curing speed even at low 
baking temperature, fast curable, and forming the uniform, stable 
coating film even when it is thin, excellent in rust prevention, 
chipping resistance, damping properties and weather resistance . 
(24) Many industries, e.g., building, automobile and electric 
appliance industries, have been using a variety of sealants for 
joining similar or dissimilar materials in 

assembling/fabrication lines , and also for other purposes , e.g., 
reinforcement, repair and replacement. Sealants of various 
curing modes or main chain structures have been proposed for 
specific purposes. However, few sealants commonly used for 
laminated glass satisfy all of resistance to weather and heat, 
non-polluting property, low moisture-permeability and 
weather-resistant adhesion. Still less is the sealant having 
low-odor property, in addition to the above. 

For example, a polysulf ide-based sealant now being used is 
insufficient in low moisture-permeability, although showing 
excellent weather resistance, heat resistance and non-polluting 
properties, and cannot be used for single sealing independently. 
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It is also insufficient in weather-resistant adhesion, one 
of the most important properties for sealing laminated glass, 
for heat ray reflective glass, which has been recently massively 
used for energy-saving purposes . In laminated glass production, 
this may need an additional step of removing a metallic coating 
film that reflects heat ray before the glass is filled with the 
sealant. Moreover, it is also insufficient in properties 
related to hot water-resistant adhesion and low odor, leaving 
environmental problems in the laminated glass production 
proces s . 

A condensing curing type silicone-based sealant, as another 
type of sealant for laminated glass, is insufficient in 
non-polluting property and low moisture-permeability, although 
satisfying weather resistance, heat resistance, 
weather-resistant adhesion and low-odor properties, and cannot 
be used for single sealing independently. 

Therefore, there are demands for a sealant for laminated glass 
satisfying weather resistance, heat resistance, non-polluting, 
low moisture-permeability, weather-resistant adhesion and 
low-odor properties, and also excellent in mechanical 
characteristics and producible at low cost. 
(25) Sealants for laminated glass fall into two general 
categories, for primary and secondary sealing. A laminated 
glass unit is sealed at its edges with one type of sealant (single 
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sealing) or 2 types of sealants for primary and secondary sealing 
(dual sealing), depending on specific purposes. 

A butyl rubber-based hot melt resin (hereinafter sometimes 
referred to as hot melt butyl) is commonly used as a sealant 
5 for single sealing and primary sealant for dual sealing. It 
has following characteristics. 

Hot melt butyl is a solid or waxy polymer at room temperature, 
becoming fluid when heated at around 100 to 250°C. When used 
as an adhesive, it is adhered to various base surfaces after 
10 being molten by wetting these surfaces . In an actual laminated 
glass production process, hot melt butyl is discharged from a 
dedicated applicator by which it is molten under heating, and 
solidified after it is applied as sealant temperature rapidly 
decreases. Therefore, it is curable for a much shorter period 
15 than other reaction-curing type sealants, and hence can greatly 
reduce the curing period and facilitate sealant management and 
handling. Therefore, it will play a still more important role 
in the future laminated glass markets, because of its good 
workability to simultaneously realize its reduced procurement 
20 periods and increased productivity. 

However, single-sealed laminated glass , mainly using hot melt 
butyl, is low in structural strength and difficult to secure 
steam-barrier property at the laminated glass inside for extended 
periods. Therefore, it can find limited industrial 
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applications, e.g., sealant for show case units, which are 
replaced in a relatively short cycle. 

The secondary seal in a dual-sealed laminated glass is low 
in steam-barrier property, although high in mechanical 

5 characteristics (e.g., adhesion to the glass ) , and needs primary 
sealing. Therefore, it is structured to block steam passing 
through the secondary seal by hot melt butyl . This dual-sealed 
laminated glass needs 2 types of sealants in the production 
process, and is more costly, although having longer 

10 serviceability, than the single-sealed type. Even a 

dual-sealed laminated glass cannot sustain primary sealing, when 

the secondary seal is aged, possibly deteriorated to the 
single-sealed glass grade. 

Adhesion of hot melt butyl depends on tackiness of butyl rubber, 

15 and is possibly det erioratedby embritt lement at low temperature . 
Moreover, the sealant is thermoplastic at high temperature, 
possibly its softening to cause deviation of the laminate 
components from each other, and hence is required to be resistant 
to creeping at high temperature to prevent the above problems. 

20 Comparing thermoplastic hot melt butyl with the 

reaction-curing type sealant (e.g., polysulf ide-based or 
silicone-based sealant), the former has at present major 
disadvantages of significant fluctuations of properties, e.g. , 
mechanical properties, with temperature, although much better 
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in workability. Therefore, it tends to have narrower applicable 
areas in terms of glass size and weight than the reaction-curing 
type. 

Therefore, there are demands for a sealant for laminated glass , 
5 improved in temperature-dependence of structural strength and 
adhesion to a base material, while keeping steam-barrier 
characteristics of hot melt butyl, and suitable as the sealant 
for laminated glass for primary sealing for dual sealing or single 
sealing . 

10 The present invention has the following objects. 

(1) The present invention is intended to solve the problems 
involved in the conventional technologies (1) described above. 

O Accordingly, it is an object of the present invention to provide 

a curable elastic composition (curable rubber composition) 
improved in elongation of the cured product and residual 
tackiness, in its surface and, at the same time, high in curing 
speed and capable of giving the cured product of high resistance 
to weather, and also to provide use of the same. 

(2) The present invention is also intended to solve the problems 
20 involved in the conventional technologies (2) described above. 

Accordingly, it is another object of the present invention to 
provide a curable rubber composition containing, as the main 
ingredient, a silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
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rubber which has a structural unit derived from a norbornene 
compound as the non-conjugated polyene with a specific vinyl 
group at the terminal and containing a specific hydrolyzable 
silyl group in the molecule, and high in curable speed and 
excellent in adhesion to a variety of objects and resistance 
to weather, and also to provide use of the same. 

(3) The present invention is also intended to solve the problems 
involved in the conventional technologies (3) described above. 
Accordingly, it is still another object of the present invention 
to provide a curable composition high in curing speed, leaving 
little residual tackiness on the cured product surface, after 
it is cured, highly resistant to weather, showing high adhesion 
between a paint and sealant surface, when the former is applied, 
and useful for sealant, primer or the like. 

(4) The present invention is also intended to solve the problems 
involved in the conventional technologies (4) described above. 
Accordingly, it is still another object of the present invention 
to provide a curable composition containing a rubber-based 
organic polymer having a reactive silicon group, which is rapidly 
cured with moisture, excellent in tensile-related properties, 
capable of giving a rubber-like elastomer free of residual 
tackiness on the surface, and improved in resistance to weather 
and storage stability. 

(5) The present invention is also intended to solve the problems 
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involved in the conventional technologies (5) described above. 
Accordingly, it is still another object of the present invention 
to provide a rubber composition curable at room temperature, 
high in curing speed, excellent in resistance to weather, and 
capable of giving the highly adhesive cured product, and also 
to provide use of the same. 

(6) The present invention is also intended to solve the problems 
involved in the conventional technologies (6) described above. 
Accordingly, it is still another object of the present invention 
to provide a curable rubber composition, easily cured with 
moisture in air at room temperature or under heating, and at 
high speed, and excellent in resistance to weather. 
(7 ) The present invention is also intended to solve the problems 
involved in the conventional technologies (7) described above. 
Accordingly, it is still another object of the present invention 
to provide a curable composition high in curing speed, giving 
a weather-resistant cured product, and suitable for adhesive, 
sealant or the like. 

(8) The present invention is also intended to solve the problems 
involved in the conventional technologies (8) described above. 
Accordingly, it is still another object of the present invention 
to provide a curable composition quickly cured when it is used, 
even after being stored for extended periods, and giving a 
weather-resistant cured product. 
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(9) The present invention is also intended to solve the problems 
involved in the conventional technologies (9) described above . 
Accordingly, it is still another object of the present invention 
to provide a curable rubber composition high in storage stability 
and curing speed, and giving a highly weather-resistant cured 
product, and also to provide use of the same. 

(10) The present invention is also intended to solve the problems 
involved in the conventional technologies (10) described above . 
Accordingly, it is still another object of the present invention 
to provide a new curable rubber composition which incorporates 
a hydrate of metallic salt as the moisture source, and also to 
provide use of the same. 

It is still another object of the present invention to provide 
a curable rubber composition showing no increase in viscosity 
while being stored, high in curing speed and resistance to weather , 
and also to provide use of the same. 

It is still another object of the present invention to provide 
a curable rubber composition which can incorporate a compound 
having a reactive silicon group readily reactive with moisture, 
e.g. , silane coupling agent, and also to provide use of the same. 
(11) The present invention is also intended to solve the problems 
involved in the conventional technologies (11) described above . 
Accordingly, it is still another object of the present invention 
to provide a composition low in viscosity, good in workability, 
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sufficient in curing speed, excellent in, e.g., resistance to 
weather, heat and water, and capable of giving a rubber-like 
cured product high in strength and elongation (low modulus of 
elasticity) . 

5 (12) The present invention is also intended to solve the problems 
involved in the conventional technologies (12) described above . 
Accordingly, it is still another object of the present invention 
to provide a rubber composition high in vulcanization speed, 
improved in resistance to weather and excellent in mechanical 
10 strength, while retaining the various favorable characteristics 
of an ethylene/a-olefin/non-conjugated polyene random 
copolymer rubber, e.g., excellent resistance to heat and 
chemicals of the vulcanized product. 

(13) The present invention is also intended to solve the problems 
15 involved in the conventional technologies (13) described above . 
Accordingly, it is still another object of the present invention 
to provide a rubber composition high in adhesion; giving the 
cured product with greatly changed layered structures, low in 
elasticity and high in elongation; giving the cured product 
20 dispersed with an epoxy resin whose content in the matrix 

increases as its particle size decreases, and high in modulus 
of elasticity and tensile shear strength; sufficiently high in 
curing speed, and giving the cured product of high resistance 
to weather, and also to provide a method of producing the same. 
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( 14 ) The present invention is also intended to solve the problems 
involved in the conventional technologies (14) described above . 
Accordingly, it is still another object of the present invention 
to provide a curable rubber composition improved in toughness 
and strength, giving the cured product of high strength 
irrespective of moisture quantity, and, at the same time, high 
in curing speed and giving the cured product of high resistance 
to weather. 

(15) The present invention is also intended to solve the problems 
involved in the conventional technologies (15) described above. 
Accordingly, it is still another object of the present invention 
to provide a rubber composition well-balanced between 
workability and mechanical properties of the cured product, 
sufficient in curing speed and resistance to weather of the cured 
product, and suitable as a sealant for laminated glass. 

(16) The present invention is also intended to solve the 
problems involved in the conventional technologies (16) 
described above. Accordingly, it is still another object of 
the present invention to provide a curable composition high in 
curing speed, giving the cured product of high resistance to 
weather, and suitable for adhesives and sealants. 

(17) The present invention is also intended to solve the problems 
involved in the conventional technologies (17) described above . 
Accordingly, it is another object of the present invention to 
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provide a curable rubber composition containing, as the main 
ingredient, a silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber which has a structural unit derived from a norbornene 
compound with a specific vinyl group at the terminal as the 
non-conj ugated polyene and containing a hydrolyzable silyl group 
in the molecule, and giving the cured product excellent in 
resistance to weather and heat, and also to provide use of the 



same . 



(18) The present invention is also intended to solve the problems 
involved in the conventional technologies (18) described above . 
Accordingly, it is still another object of the present invention 
to provide a curable rubber composition containing, as the main 
ingredient, a saturated hydrocarbon-based polymer having a 
reactive silicon group, which is highly adhesive to various 
materials, improved in weather-resistant adhesion for various 
types of glass, in particular heat ray reflective glass, and 
excellent in resistance to weather and curing speed. 
(19) The present invention is also intended to solve the problems 
involved in the conventional technologies (19) described above . 
Accordingly, it is still another object of the present invention 
to provide a tack agent composition high in resistance to heat, 
well releasable from a releasing paper or the like coated with 
a silicone-based releasing agent, and also high in curing speed 
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and resistance to weather, and also to provide use of the same. 

(20) The present invention is also intended to solve the problems 
involved in the conventional technologies (20) described above . 
Accordingly, it is still another object of the present invention 
to provide a rubber composition composed of an 
ethylene /a-ole fin /non-con j ugated polyene random copolymer 
rubber containing a hydrolyzable silyl group at the terminal 
or in the side chain and a curing catalyst, improved in pot life 
in an open atmosphere. 

It is still another object of the present invention to provide 
a curable rubber composition high in curing speed and excellent 
in resistance to weather, and also to provide use of the same. 

( 21 ) The present invention is also intended to solve the problems 
involved in the conventional technologies (21) described above . 
Accordingly, it is still another object of the present invention 
to provide a new curable composition forming the 
three-dimensional network structures with moisture in air, 
quickly cured into the solid of rubber-like elasticity, and 
excellent resistance to weather. 

(22) The present invention is also intended to solve the problems 
involved in the conventional technologies (22) described above. 
Accordingly, it is still another object of the present invention 
to provide a curable rubber composition containing, as the major 
ingredient , an ethylene /a-ole fin/non-conjugated polyene random 
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copolymer rubber containing a hydrolyzable silyl group, high 
in curing speed, and excellent in adhesion to various objects 
and in resistance to weather. 

(23) The present invention is also intended to solve the problems 
involved in the conventional technologies (23) described above . 
Accordingly, it is still another object of the present invention 
to provide a curable composition, e.g., coating material for 
vehicles, high in curing speed even at low baking temperature, 
fast curable, and forming the uniform, stable coating film even 
when it is thin, excellent in rust prevention, chipping 
resistance, damping properties and resistance to weather. 
(24) The present invention is also intended to solve the problems 
involved in the conventional technologies (24) described above . 
Accordingly, it is still another object of the present invention 
to provide a sealant for laminated glass satisfying weather 
resistance, heat resistance, non-polluting, low 
moisture-permeability, weather-resistant adhesion and low-odor 
properties, and also excellent in mechanical characteristics 
and producible at low cost. 

(25) The present invention is also intended to solve the problems 
involved in the conventional technologies (25) described above . 
Accordingly, it is still another object of the present invention 
to provide a sealant for laminated glass, improved in 
temperature-dependence of structural strength and adhesion to 
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a base material, while keeping steam-barrier characteristics 
of hot melt butyl, and suitable as the sealant for laminated 
glass for primary sealing for dual sealing or single sealing. 



DISCLOSURE OF THE INVENTION 



The curable composition of the present invention is 
characterized in that it contains 

a silyl-containing ethylene/a-olef in/non-conjugated 
polyene random copolymer rubber (Al) which has a structural unit 
derived from a norbornene compound, represented by the following 
general formula [I] or [II], with at least one specific vinyl 
group at the terminal, as the non-conjugated polyene and 
containing a hydrolyzable silyl group, represented by the 
following general formula [III] in the molecule, and 

a compound (B) , other than the rubber (Al), having hydroxyl 
and/or a hydrolyzable group. 




[I] 



wherein, "n" is an integer of 0 to 10; 
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R 1 is hydrogen atom or an alkyl group of 1 to 10 carbon atoms; 
and 

R 2 is hydrogen atom or an alkyl group of 1 to 5 carbon atoms. 




[II] 



wherein, R 3 is hydrogen atom or an alkyl group of 1 to 10 carbon 
atoms . 

r 

— six 3 , 

wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms; X is a hydrolyzable group selected from the group 
consisting of hydride, halogen, alkoxyl, acyloxy, ketoximate, 
amide, acid amide, aminoxy, mercapto, alkenyloxy, thioalkoxy 
and amino group; and "a" is an integer of 0 to 2 . 

The compound (B) having hydroxyl and/or a hydrolyzable group 
is preferably a silicon-containing compound. 

The curable compositions of the present invention include 
the followings. 

(1) A curable elastic composition characterized in that it 
contains 

62 



SF-768 



the silyl-containing ethylene/a-olef in/non-conjugated 
polyene random copolymer rubber (Al) , and 

a compound having a silanol group and/or a compound which 
can react with moisture to form a compound having a silanol group 
in the molecule (Bl) . 

(2) A curable rubber composition characterized in that it 
contains 

the silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (Al) , and 
a tetravalent tin compound (C) , and 

a silicon compound (B2) represented by the following general 
formula [V] : 

R 4 a Si(OR 5 ) 4 -a [V] 
wherein, R 4 and R 5 are each a hydrocarbon group of 1 to 20 carbon 
atoms which may be substituted or not substituted, and "a" is 
0, 1, 2, or 3. 

(3) A curable composition characterized in that it contains 

(a) the silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (Al) , and 

(b) a silicon compound (B3) having at least one amino group and 
at least one trialkylsiloxy group in the molecule. 

(4) A curable composition characterized in that it contains 
(a) the silyl-containing ethylene/a-olef in/non-conj ugated 
polyene random copolymer rubber (Al), and 
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(b) an organosilicon compound (B4) represented by the following 
general formula [VI] : 
(R 2 (CH 3 ) 2 SiO) n R 1 

wherein, R 1 is an alcohol residue or weak acid residue, R 2 is 
methyl or vinyl group, and "n" is a positive integer. 
(5) A rubber composition curable at room temperature, 
characterized in that it contains 

the silyl-containing ethylene/a-olef in/non-conjugated 
polyene random copolymer rubber (Al), and 

a silane compound (B5) represented by one of the following 
general formulae [VII-1] to [VII-6]: 



R 4 n Si R 5 SiR 4 r 



[VII-1 ] 



x 



3-n ^3-n 



R 4 n Si R b 

I 

X 3 . n [VII-2] 



R 4 n Si (CH 2 ) 3 0R 5 0 (CH 2 ) 3 SiR 4 n 



X 3 - n X 3 . n 



[VII-3 ] 



R 4 n Si (CH 2 ) 3 

I 

X3- n 



— O — R 6 
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[VII-4] 



H O 



R 4 n Si — (CH 2 ) 3 — N — C — O 



R 



X3- n 



J 2 



[VII-5] 



H 



O 



R 4 „Si (CH 2 ) 3 N — C O R 



[VII-6] 



wherein, R 4 is a monovalent hydrocarbon group of 1 to 10 carbon 
atoms, selected from the group consisting of alkyl, aralkyl and 
aryl ; 

X is a group selected from the group consisting of halogen, 
hydroxy, alkoxyl, acyloxy, aminoxy, phenoxy, thioalkoxy, amino, 
ketoximate, mercapto and alkenyloxy; 

R 5 is an alkylene or arylene group of 8 to 200 carbon atoms; 
R 5 is a monovalent alkyl group of 8 to 200 carbon atoms; and 
"n" is an integer of 0 to 2 . 

(6) A curable rubber composition, characterized in that it 
contains, as the active ingredients, 
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the silyl-containing ethylene/a-olef in/non-conj ugated 
polyene random copolymer rubber (Al) , 

(D) amines selected from the group consisting of aliphatic 
amines, alicyclic amines, modified cycloaliphat ic polyamines 
and ethanol amines, 

(B6) a silane coupling agent represented by the general formula 
Y 3 (Si)Z, wherein Y is an alkoxyl group; and Z is an alkyl group 
containing a functional group selected from the group consisting 
of amino group, which may be substituted with an aminoalkyl group 
or not, and mercapto group, and 

(E) a resin composed of a lacquer-based paint, an acrylic 
lacquer-based paint, an acrylic resin-based paint, a 
thermosetting acrylic paint, an alkyd paint, a melamine paint, 
an epoxy paint or organopolysiloxane. 

(7) A curable composition, characterized in that it contains 

(a) the silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (Al) , and 

(b) a silane-based compound substituted with amino group (B7) . 

(8) A curable composition, characterized in that it contains 
the silyl-containing ethylene/a-olef in/non-con j ugated 

polyene random copolymer rubber (Al), and 

a filler (F), a plasticizer (G) , a curing catalyst (H) and 
an organocarboxylate compound (B8) . 

(9) A curable rubber composition, characterized in that it 
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contains 

the silyl-containing ethylene/ct-olef in/non-conjugated 
polyene random copolymer rubber (Al), 

alcohols (B9), and/or a hydrolyzable ester compound (I) 
(except a hydrolyzable organosilicon compound (BIO)), and 

a hydrolyzable organosilicon compound (BIO) . 
(10) A two- or multi-liquid type curable rubber composition 
composed of at least two liquids, characterized in that it 
contains 

a major ingredient (I) containing the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al), and a curing agent (II) containing, 

a silanol condensing catalyst (J) and water or a hydrate of 
a metallic salt (Bll) . 

Each of the curable compositions (1) to (10) may contain the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (A2) , described later, in place of the 
silyl-containing ethylene/a-olef in/non-conj ugated polyene 
random copolymer rubber (Al) . 

The other curable compositions of the present invention are 
characterized in that they contain, in the molecule, the 
silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (A2) containing a hydrolyzable silyl 
group, represented by the following general formula (1) , and 
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a high-molecular compound (K) other than the rubber (A2) and/or 
an inorganic filler (L) : 

Rn 



SiX 3 . m 

(1) 

wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms; X is a hydrolyzable group selected from the group 
consisting of hydride, halogen, alkoxyl, acyloxy, ketoximate, 
amide, acid amide, aminoxy, thioalkoxy, amino, mercapto and 
alkenyloxy group; and V is an integer of 0 to 2. 
These curable compositions include the followings. 

(11) A rubber composition, characterized in that it contains 
the silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (A2), and an organosilicon polymer (Kl) . 

(12) A rubber composition, characterized in that it contains 
the silyl-containing ethylene/a-olef in/non-con jugated polyene 
random copolymer rubber (A2), an organic rubber (K2) and a 
crosslinking agent (M) for the organic rubber (K2) . 

(13) A rubber composition, characterized in that it contains 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (A2), an epoxy resin (K3) , a silane 
coupling agent (N) , a silanol condensing catalyst (O) , and a 
curing agent (P) for the epoxy resin. 

(14) A rubber composition, characterized in that it contains 
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the silyl-containingethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (A2), an epoxy resin (K3) , a silicon 
compound (Q) containing a hydrolyzable silyl group and a 
functional group reactive with the epoxy group in the molecule, 
and a silicon compound (R) containing at least two hydroxyl groups 
bonded to the silicon atom in the molecule. 

(15) A rubber composition, characterized in that it contains 
the silyl-containingethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (A2) , calcium carbonate (Ll) , and talc 
(L2) . 

In the compositions (11) to (15), the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A2) normally has at least one type of silyl groups 
represented by the following general formula (2) or (3) : 
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wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms; R 1 is a hydrogen atom or an alkyl group of 1 to 10 carbon 
atoms; R 2 is a hydrogen atom or an alkyl group of 1 to 5 carbon 
atoms; R 3 is a hydrogen atom or an alkyl group of 1 to 10 carbon 
atoms; X is a hydrolyzable group selected from the group 
consisting of hydride, halogen, alkoxyl, acyloxy, ketoximate, 
amide, acid amide, aminoxy, thioalkoxy, amino, mercapto and 
alkenyloxy group; and "m" is an integer of 0 to 2 and "n" is 

an integer of 0 to 10. 

It is particularly preferable that the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A2) is produced by reacting 

an ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber having a norbornene compound with at least one terminal 
vinyl group as the non-conjugated polyene represented by the 
following general formula (4) and/or (5): 



R 2 




) C= 

' n 



CH 2 



(4) 




(5) 
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wherein, R 1 is a hydrogen atom or an alkyl group of 1 to 10 carbon 
atoms; R 2 is a hydrogen atom or an alkyl group of 1 to 5 carbon 
atoms; R 3 is a hydrogen atom or an alkyl group of 1 to 10 carbon 
atoms; and "n" is an integer of 0 to 10, 

with a silicon compound represented by the following general 
formula (6) : 



H SiX3_ m j g ) 

wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms; X is a hydrolyzable group selected from the group 
consisting of hydride, halogen, alkoxyl, acyloxy, ketoximate, 
amide, acid amide, aminoxy, thioalkoxy, amino, mercapto and 
alkenyloxy group; and V is an integer of 0 to 2, 
to add the SiH group in the silicon compound to the double bond 
of the copolymer rubber. 

Each of the curable compositions (11) to (15) may contain 
the silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (Al) in place of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A2) . 

The other curable compositions of the present invention are 
characterized in that they contain the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
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rubber (Al) and a stabilizer. 

(16) A curable composition, characterized in that it contains 
(a) the silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (Al), (b) a nickel-containing 

5 light stabilizer (S) and (C) a silane coupling agent (T) . 

(17) A curable rubber composition, characterized in that it 
contains 

the silyl-containing ethylene/a-olef in/non-con jugated polyene 
random copolymer rubber (Al), and a sulfur-based aging inhibitor 

10 (U) . 

(18) A curable composition, characterized in that it contains 
the silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (Al) , and a compound (V) having, in the 
molecule, an unsaturated group capable of triggering 

15 polymerization by reacting with oxygen in air and/or a 

photopolymerizable material. 

Each of the curable compositions (16) to (18) may contain 

the silyl-containing ethylene/a-olef in/non-conjugated polyene 

random copolymer rubber (A2) in place of the silyl-containing 
20 ethylene/a-olefin/non-conjugated polyene random copolymer 

rubber (Al) . 

The other curable compositions of the present invention are 
characterized in that they contain the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
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rubber (Al) and a silanol catalyst. 

(19) A tackifier composition, characterized in that it contains 
the silyl-containing ethylene/a-olef in/non-conj ugated polyene 
random copolymer rubber (Al) , 
a tackifier resin (W) , and 

a curing catalyst (H) comprising an organozirconium compound 
(HI) represented by the following general formula [VIII] or an 
organoaluminum compound (H2) represented by the following 
general formul [IX] : 



10 



i=5 



15 



( RO) n Zr'. 



O 



CH 



-I 4-n 



[VIII] 



wherein, vv n" is an integer of 0 to 4 , 

R is a monovalent hydrocarbon group of 1 to 20 carbon atoms, 

20 and 

Y is a group selected from the group consisting of hydrocarbon 
of 1 to 8 carbon atoms, halogenated hydrocarbon, cyanoalkyl, 
alkoxyl, halogenated alkoxyl, cyanoalkoxy and amino group, which 
may be the same or different, and 
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^ wherein, "p" is an integer of 0 to 3, 

R is a monovalent hydrocarbon group of 1 to 20 carbon atoms, 

and 

Y is a group selected from the group consisting of hydrocarbon 
of 1 to 8 carbon atoms, halogenated hydrocarbon, cyanoalkyl, 
alkoxyl, halogenatedalkoxyl, cyanoalkoxy and amino group, which 
may be the same or different. 

(20) A rubber composition of improved pot life, characterized 
in that it contains 

the silyl-containing ethylene/cc-olef in/non-con jugated 
polyene random copolymer rubber (Al) , 

a curing catalyst (H) composed of a mercaptide type organotin 
20 compound (H3) having the Sn-S bond, a sulfide type organotin 
compound (H4) having the Sn=S bond, organocarboxylic acid (H5) , 
organocarboxylic anhydride (H6) , or a mixture of one of the above 
compounds and a carboxylic type organotin compound (H7). 
(21) A curable composition, characterized in that it contains 
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the silyl-containing ethylene/a-olef in/non-conjugated 
polyene random copolymer rubber (Al), and 

a compound (H8) as the curing catalyst (H) , represented by 
the general formula Q 2 Sn(OZ) 2 or [Q 2 Sn (OZ) ] 2 0, 
5 wherein, Q is a monovalent hydrocarbon group of 1 to 20 carbon 
atoms; and Z is a monovalent hydrocarbon group of 1 to 20 carbon 
atoms or organic group having a functional group capable of 
forming therein a coordination bond with Sn. 

(22) A curable rubber composition, characterized in that it 
10 contains 

the silyl-containing ethylene/a-olef in/non-conjugated 
polyene random copolymer rubber (Al), and 
titanates (Y) . 

Each of the curable compositions (19) to (22) may contain 
15 the silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (A2) in place of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) . 

The other curable compositions of the present invention 
20 include the f ollowings . 

They are crosslinkable rubber compositions composed of an 
organic polymer (Z) containing a hydrolyzable silyl group 
represented by the following general formula [III] and 
essentially no unsaturated double bond in the main chain, and 
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a compound (B) , preferably a silicon containing compound, 
containing a hydroxyl and/or a hydrolyzable group; and used for 
electric/electronic device members, transportation machines, 
and civil engineering/construction, medical and leisure areas: 



□ 



SiX 



3 -a 



[III] 



wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
10 atoms; X is a hydrolyzable group selected from the group 

consisting of hydride, halogen, alkoxyl, acyloxy, ketoximate, 
amide, acid amide, aminoxy, mercapto, alkenyloxy, thioalkoxy 
and amino group; and "a" is an integer of 0 to 2. 

More concretely, these compositions include the followings. 
15 (1) A curable elastomer composition, which is a crosslinkable 
rubber composition characterized in that it is composed of 
the organic polymer (Z) and 

a compound having a silanol group in the molecule and/or a 
compound which can react with moisture to form a compound having 
20 a silanol group in the molecule (Bl), and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(2) A curable rubber composition, which is a crosslinkable and 
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characterized -in that it contains 
the organic polymer (Z) , 
a tetravalent tin compound (C) and 
a silicon compound (B2) , and 
is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medicai and 
leisure areas. 

(3 ) A curable composition, characterized in that it contains 
(a) the organic polymer (Z) and 

(b , a silicon compound (B3) having at least one amino group and 
at least one t rialkylsiloxy group in the molecule, and 
is used for electric/electronic device members, transportation 
ma chines, and civil engineering/construction, medical and 
leisure areas. 

( 4, A curable composition, characterized in that it contains 

(a) the organic polymer (Z) and 

(Rdi rpnresented by the following 

(b) an organosilicon compound (B4) represents y 

general formula [VI] : 

i [VI] 

(R 2 (CH 3 ) 2 SiO) n R 

20 wherein, R 1 is an alcohol residue or weak acid residue, R 2 is 
m ethyl or vinyl group, and «n" is a positive integer, and 
is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 
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(5) A rubber composition, which is curable at room temperature 
crosslinkable, characterized in that it contains 

the organic polymer (Z) and 
a silane compound (B5) , and 
5 is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(6) A curable rubber composition which is crosslinkable, 
characterized in that it contains, as the active ingredients, 

SI 

O 10 the organic polymer (Z), 

\n 

O amines (D) selected from the group consisting of aliphatic 



amines, alicyclic amines, modified cycloaliphatic polyamines 
and ethanol amines, 
p a silane coupling agent (B6) represented by the general formula 

15 Y 3 (Si)Z, wherein Y is an alkoxyl group; and Z is an alkyl group 
containing a functional group selected from the group consisting 
of amino group, which may be substituted with an aminoalkyl group 
or not, and mercapto group, and 

a resin (E) composed of a lacquer-based paint, an acrylic 
20 lacquer-based paint or an acrylic resin-based paint, or a 

thermosetting acrylic paint, an alkyd paint, a melamine paint, 
an epoxy paint or organopolysiloxane , and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
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leisure areas. 

(7) A curable composition, characterized in that it contains 

(a) the organic polymer (Z) and 

(b) a silane-based compound substituted with amino group (B7) , 
and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(8) A curable composition, characterized in that it contains 
the organic polymer (Z) , a filler (F) , aplasticizer (G) , a curing 
catalyst (H) and an organocarboxylate compound (B8), and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(9) A curable rubber composition, characterized in that it is 
crosslinkable and contains 

the organic polymer (Z) , 

alcohols (B9), and/or a hydrolyzable ester compound (I) 
(except the hydrolyzable organosilicon compound (BIO) and 

a hydrolyzable organosilicon compound (BIO), and 
is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(10) A two- or multi-liquid type curable crosslikable rubber 
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composition composed of at least two liquids, characterized in 

that it contains 

the major ingredient (I) containing the organic polymer (Z) , 
a curing agent (II) containing 

a silanol condensing catalyst (J) and water or a hydrate of 
a metallic salt (Bll) , and 
is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 

leisure areas. 

The rubber compositions of the present invention are 
crosslinkableonescomposedof an organic polymer (Zl) containing 
a hydrolyzable silyl group represented by the following general 
S formula (1) and essentially no unsaturated double bond in the 

main chain, a high-molecular compound (K) other than the polymer 
(Zl) and/or an inorganic filler (L) , and 

used for electric/electronic members, transportation machines , 
and civil engineering/construction, medical and leisure areas: 



□ 

□ 10 

m 



E 



H 
□ 
fli 

15 



20 SiX 3 . m (1) 



wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms; X is a hydrolyzable group selected from the group 
consisting of hydride, halogen, alkoxyl, acyloxy, ketoximate, 
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amide, acid amide, aminoxy, thioalkoxy, amino, mercapto and 
alkenyloxy group; and xx m" is an integer of 0 to 2 . 
These rubber compositions include the followings: 

(11) A rubber composition, which is crosslinkable and 
characterized in that it contains the organic polymer (Zl) and 
an organosilicon polymer (Kl), and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(12) A rubber composition, which is crosslinkable and 
characterized in that it contains the organic polymer (Zl), 
organic rubber (K2) and a crosslinking agent (M) for the organic 
rubber (K2), and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(13) A rubber composition, which is crosslinkable and 
characterized in that it contains the organic polymer (Zl) , an 
epoxy resin (K3), a silane coupling agent (N) , a silanol 
condensing catalyst (0) and a curing agent (P) for the epoxy 
resin, and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 
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(14) A rubber composition, which is crosslinkable and 
characterized in that it contains 

the organic polymer (Zl), 

an epoxy resin (K3) , 
5 a silicon compound (Q) containing a functional group reactive 

with the epoxy group and hydrolyzable silyl group in the molecule 
and 

a silicon compound (R) containing at least two hydroxyl groups 
bonded to the silicon atom in the molecule, and 
10 is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(15) A rubber composition, which is crosslinkable and 
characterized in that it contains the organic polymer (Zl) , 

15 calcium carbonate (Ll) and talc (L2), and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(16) A curable composition, characterized in that it contains 
20 (a) the organic polymer (Z), (b) a nickel-containing light 

stabilizer (S) and a silane coupling agent (T) , and 
is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 
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(17) A rubber composition, which is crosslinkable and 
characterized in that it contains the organic polymer (Z) and 
a sulfur-based aging inhibitor (U) , and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(18) A curable composition, characterized in that it contains 
the organic polymer (Z) , andacompound (V) having, in the molecule , 
an unsaturated group capable of triggering polymerization by 
reacting with oxygen in air and/or photopolymerizable material, 
and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(19) A tackifier composition, which is a crosslinkable rubber 
composition and characterized in that it contains 

the organic polymer (Z), 
a tackifier resin (W) and 

a curing catalyst (H) composed of an organozirconium compound 
(HI) or an organoaluminum compound (H2), and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(20) A rubber composition, which is crosslinkable and 
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characterized in that it contains 
the organic polymer (Z) and 

a curing catalyst (H) composed of a mercaptide type organotin 
compound (H3) having the Sn-S bond, a sulfide type organotin 
compound (H4) having the Sn=S bond, organocarboxylic acid (H5), 
organocarboxylic anhydride (H6) , or a mixture of one of the above 
compounds and a carboxylic type organotin compound (H7), and 
is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(21) A curable composition, characterized in that it contains 
the organic polymer (Z) and 

a compound (H8) as the curing catalyst (H) , represented by 
the general formula Q 2 Sn(OZ) 2 or [Q 2 Sn (OZ ) ] 2 0, 

wherein, Q is a monovalent hydrocarbon group of 1 to 20 carbon 
atoms; and Z is a monovalent hydrocarbon group of 1 to 20 carbon 
atoms or an organic group having a functional group capable of 
forming therein a coordination bond with Sn, and 
is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(22) A curable rubber composition, characterized in that it 
contains 

the organic polymer (Z) and titanates (Y) , and 



84 



# 

SF-768 ^ 



is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

(23) A curable composition, characterized in that it contains 
the silyl-containingethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (Al), and 

is used for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

In the above curable composition (23) , the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A2) may be used in place of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) . 

The electric/electronic device members for which the 
composition of the present invention can be used include those 
for heavy electrical equipments, electronic devices, sealants 
for electric/electronic device circuits and substrates, potting 
materials, coating materials and adhesives, repair materials 
for wire coatings, insulation sealants for wire joint members, 
rolls for OA devices, vibration absorbers, and sealants for gel 
and condensers. 

The sealants can go into refrigerators, freezers, washing 
machines, gas meters, microwave ovens, steam irons and leakage 
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breakers, among others. 

The potting materials can go into high-voltage transformer 
circuits, printed circuit boards, high-voltage transformers 
equipped with a variable resistance, electric insulators, 
semiconductor devices, electroconduct ive devices, solar 
batteries and flyback transformers for TV sets, among others. 

The coating materials can be used for coating thick-wall 
resistors for high-voltage services and circuit elements for 
hybrid ICs; HICs; electrical insulator members; semiconductor 
members, electroconduct ive members ; modules; printed circuits ; 
ceramic substrates; buffers for diodes, transistors and bonding 
wires; semiconductor devices; and optical fibers for optical 
communications, among others. 

The adhesives can be used for adhesion of CRT wedges, necks, 
electrical insulator members, semiconductor members and 
electroconductive members, among others. 

The transportation machines in which the compositions of the 
present invention can go into include vehicles, ships, aircraft 
and railway vehicles. 

More concretely, the compositions of the present invention 
can be used for the following areas. They can go into vehicles 
as sealants for engine gaskets, electrical members and oil 
filters; as potting materials for igniter HICs and hybrid ICs; 
as coating materials for bodies, window panes and engine 
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controller substrates; and as adhesives for oil pan gaskets, 
timing cover belts, braids, head lamp lenses, sunroof seals and 
mirrors, among others. 

They can also go into ships as sealants for wiring 
5 connecting/distribution boxes, electrical system members and 
wires; and adhesives for wires and glass, among others. 

They can also go into the civil engineering/construction areas 
as sealants for building materials, e.g., butt joints in the 
glass screening method for commercial buildings, joints around 
10 glass between sashes, j oints for interiors in bathrooms , toilets 
and showcases, j oints in bath tubs , flexible joints in exteriors 
of prefabricatedhousings, and j oints for sizing boards ; sealants 
for laminated glass; sealants for civil engineering works, e.g., 
Jj for repairing roads; paints /adhesives for metals, glass, stone 

15 materials, slates, concrete and tiles; and adhesive sheets, 
waterproof sheets and vibration-preventive sheets, among 
others . 

They can also go into medical areas, e.g. , sealants for rubber 
plugs for medicinal purposes, syringe gaskets and rubber plugs 
20 for decompressioned blood tubes. 

They can also go into leisure areas, e.g., swimming caps, 
diving masks and earplugs for swimming; and gel buffers for 
sporting shoes and baseball gloves. 

The major areas the curable compositions of the present 
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invention can go into are sealants, potting agents, ooating 
materials and adhesives. 

The curable compositions for sealants, potting agents, 
coating materials and adhesives include the crosslinkable rubber 
compositions composed of the organic polymer (Z) and a compound 
(B) , preferably silicon-containing compound, having a hydroxyl 
and/or a hydrolyzable group. 

More concretely, these compositions include the followings. 
(1) > Asealant, a potting agent , a coat ing material or an adhesive , 
characterized in that it is composed of a crosslinkable rubber 
composition, containing 

the organic polymer (Z) and 

a compound having a silanol group in the molecule and/or the 
compound which can react with moisture to form a compound having 
a silanol group in the molecule (Bl) . 

(2)' Asealant, a pott ing agent , a coating material or an adhesive , 
characterized in that it is composed of a crosslinkable rubber 
composition, containing 
the organic polymer (Z), 
a tetravalent tin compound (C) and 
a silicon compound (B2) . 
(3) 'Asealant, a potting agent , a coatingmaterial or an adhesive, 
characterized in that it is composed of a curable composition, 



containing 
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(a) the organic polymer (Z) and 

(b) a silicon compound (B3) having at least one amino group and 
at least one trialkylsiloxy group in the molecule. 

(4)' A sealant, a pott ing agent , a coating material or a adhesive, 
5 characterized in that it is composed of a curable composition, 
containing 

(a) the organic polymer (Z) and 

(b) an organosilicon compound (B4) represented by the following 
general formula [VI] : 

10 (R 2 (CH 3 ) 2 SiO) n R 1 [VI] 

wherein, R 1 is an alcohol residue or weak acid residue, R 2 is 
methyl or vinyl group, and "n" is a positive integer. 

(5) 'Asealant, a potting agent , a coating material or an adhesive, 
characterized in that it is composed of a crosslinkable rubber 

15 composition, containing 

the organic polymer (Z) and 
a silane compound (B5) . 

(6) 'Asealant, a potting agent , a coating material or an adhe sive , 
characterized in that it is composed of a crosslinkable rubber 

20 composition, containing, as the active ingredients, 
the organic polymer (Z) , 

amines (D) selected from the group consisting of aliphatic 
amines, alicyclic amines, modified cycloaliphatic polyamines 
and ethanol amines, 
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a silane coupling agent (B6) represented by the general formula 
Y 3 (Si)Z, wherein Y is an alkoxyl group; and Z is an alkyl group 
containing a functional group selected from the group consisting 
of amino group, which may be substituted with an aminoalkyl group 
5 or not, and mercapto group, and 

a resin (E) composed of a lacquer-based paint, an acrylic 
lacquer-based paint or an acrylic resin-based paint, or a 
thermosetting acrylic paint, an alkyd paint, a melamine paint, 
an epoxy paint or organopolysiloxane . 
10 ( 7 ) ' A sealant, a potting agent, a coating material or an adhesive, 
characterized in that it is composed of a curable composition, 
containing, 

(a) the organic polymer (Z) and (b) a silane-based compound 
substituted with amino group (B7) . 
15 (8)'Asealant, a potting agent , a coating material or an adhesive, 
characterized in that it is composed of a curable composition, 
containing , 

the organic polymer (Z), a filler (F), a plasticizer (G), a curing 
catalyst (H) and an organocarboxylate compound (B8) . 
20 (9)'Asealant, a pott ing agent , a coating material or an adhesive , 
characterized in that it is composed of a curable rubber 
composition, containing, 
the organic polymer (Z) , 

alcohols (B9), and/or a hydrolyzable ester compound (I) 
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(except the hydrolyzable organosilicon compound (BIO) and 
a hydrolyzable organosilicon compound (BIO) . 

( 10 ) ' A sealant, a potting agent , a coating material or an adhesive , 
characterized in that it is composed of a two- or multi-liquid 
type crosslinkable rubber composition composed of at least two 
liquids, characterized in that it contains, 

the major ingredient (1) containing the organic polymer (Z) , 
a curing agent (II) containing 

a silanol condensing catalyst (J) and water or a hydrate of 
a metallic salt (Bll) . 

The compositions of the present invention are also used for 
a sealant, a potting agent, a coating material or an adhesive, 
characterized in that it is composed of a crosslinkable rubber 
composition comprising the organic polymer (Zl), a 
high-molecular compound (K) other than the polymer (Zl) and/or 
an inorganic filler (L) . More concretely, these compositions 
include the f ollowings . 

(11) 'Asealant, a pott ing agent , a coating material or an adhesive , 
characterized in that it is composed of a crosslinkable rubber 
composition, containing the organic polymer (Zl) and an 
organosilicon polymer (Kl). 

(12) ' A sealant, a potting agent, a coating material or an 
adhesive, characterized in that it is composed of a crosslinkable 
rubber composition, containing the organic polymer (Zl) , organic 
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rubber (K2) and a crosslinking agent (M) for the organic rubber 
(K2) . 

( 13) ' A sealant, a pott ing agent , a coating material or an adhesive , 
characterized in that it is composed of a crosslinkable rubber 

5 composition, containing the organic polymer (Zl), an epoxy resin 
(K3) , a silane coupling agent (N) , a silanol condensing catalyst 
(O) and a curing agent (P) for the epoxy resin. 

(14) ' A sealant, a potting agent, a coating material or an 

□ adhesive, characterized in that it is composed of a crosslinkable 

□ 

^ 10 rubber composition, containing the organic polymer (Zl) , an epoxy 

2 resin (K3) , a silicon compound (Q) containing a functional group 

SJ 

reactive with the epoxy group and hydrolyzable silyl group in 
y the molecule and a silicon compound (R) containing at least two 

SSS. 

Q 

SJ hydroxyl groups bonded to the silicon atom in the molecule. 

ITJ 15 (15)' A sealant, a potting agent, a coating material or an 
adhesive, characterized in that it is composed of a crosslinkable 
rubber composition, containing the organic polymer (Zl) , calcium 
carbonate (LI) and talc (L2) . 

(16) ' A sealant, a potting agent, a coating material or an 
20 adhesive, characterized in that it is composed of a curable 

composition, containing (a) the organic polymer (Z), (b) a 
nickel-containing light stabilizer (S) and (C) a silane coupling 
agent (T) . 

(17) ' A sealant, a potting agent, a coating material or an 
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adhesive, characterized in that it is composed of a crosslinkable 
rubber composition, containing the organic polymer (Z) and a 
sulfur-based aging inhibitor (U) . 

(18)' A sealant, a potting agent, a coating material or an 
adhesive, characterized in that it is composed of a curable 
composition, containing the organic polymer (Z) , and a compound 
(V) having, in the molecule, an unsaturated group capable of 
triggering polymerization by reacting with oxygen in air and/or 
a photopolymerizable material. 

(20) 'A sealant, a potting agent, a coating material or an 
adhesive, characterized in that it is composedof a crosslinkable 
rubber composition, containing 

the organic polymer (Z) and 

a curing catalyst (H) composed of a mercaptide type organotin 
compound (H3) having the Sn-S bond, a sulfide type organotin 
compound (H4) having the Sn=S bond, organocarboxylic acid (H5) , 
organocarboxylic anhydride (H6) , or a mixture of one of the above 
compounds and a carboxylic type organotin compound (H7). 

(21) ' A sealant, a potting agent, a coating material or an 
adhesive, characterized in that it is composed of a curable 
composition, containing 

the organic polymer (Z) and 

a compound (H8) as the curing catalyst (H) , represented by 
the general formula Q 2 Sn(OZ) 2 or [Q 2 Sn (OZ ) ] 2 0, 
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wherein, Q is a monovalent hydrocarbon group of 1 to 20 carbon 
atoms; and Z is a monovalent hydrocarbon group of 1 to 20 carbon 
atoms or organic group having functional group capable of forming 
therein a coordination bond with Sn. 

(22) ' A sealant, a potting agent, a coating material or an 
adhesive, characterized in that it is composed of a curable rubber 
composition, containing the organic polymer (Z) and titanates 
(Y) . 

(23) ' A coating material for vehicles, characterized in that 
^ 10 it contains the silyl-containing 

ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (Al) . 

(24 ) ' A sealant, a potting agent, a coating material for purposes 
other than vehicles or an adhesive, characterized in that it 
FU 15 is composed of a curable composition, containing the 

silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (Al) . 

(25) ' A sealant for laminated glass, characterized in that it 
contains 

20 the silyl-containing ethylene/a-olef in/non-con j ugated 

polyene random copolymer rubber (A2) , a curing catalyst (H)and 
water or a hydrate of a metallic salt (Bll) . 

(26) ' A sealant for laminated glass, characterized in that it 
contains 
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the silyl- containing ethylene /a-olef in/non-con j ugated 
polyene random copolymer rubber (A2), a hot melt resin (X) , a 
curing catalyst (H) and water or a hydrate of a metallic salt 
(Bll) . 

5 The silyl-containing ethylene/ot-olef in/non-con jugated 

polyene random copolymer rubber (A2) normally contains at least 
one type of silyl-containing unit represented by the general 
formula (2) or (3) . 

It is particularly preferable that the silyl-containing 
10 ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (A2) is produced by reacting an 

ethylene/a-olef in/non-conj ugated polyene random copolymer 
rubber having a norbornene compound as the non-con j ugated polyene 
with at least one terminal vinyl group represented by the general 

fe« ! 

W 15 formula (4) and/or (5) , with a silicon compound represented by 
the general formula (6) , to add SiH group of the silicon compound 
to the double bond of the copolymer rubber. 

In the sealant, the potting agent, the coating material or 
the adhesive (23)' to (26)', the silyl-containing 
20 ethylene/a-olef in/non-conjugated polyene random copolymer 

rubber (A2) may be also used in place of the silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (Al), and vice versa. 
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BEST MODES FOR CARRYING OUT THE INVENTION 
The curable compositions and their uses of the present 
invention are described more concretely. 



5 Curable elastomer composition (1) 

The curable elastomer composition (1) of the present invent ion 
comprises a silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (Al) and a compound having a 
re silanol group and/or a compound which can react with moisture 



KSS. 



fl 10 to form a compound having a silanol group in the molecule (Bl) . 
p [Silyl-containing ethylene/a-olef in /non- con j ugated polyene 

H 

5 random copolymer rubber (Al) ] 

o 

u£ ' The silyl-containing ethylene/a-olef in /non-con j ugated 

p 
Si 

fS * polyene random copolymer rubber (Al) for the present invention 

pi 

5 '' r 15 contains a hydrolyzable silyl group, represented by the following 

general formula [III], and can be produced by, e.g., reacting 

a specific ethylene/a-olef in/non-con j ugated polyene random 

copolymer rubber (A 0 ) with a specific silicon compound 

(hydrosilylation reaction) : 

Ra 

20 — ^ lX 3-a 

[III] 

R in the general formula [III] is a monovalent hydrocarbon 
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group of 1 to 12 carbon atoms which may be substituted or not, 
preferably a monovalent hydrocarbon group free of aliphatic 
unsaturated bond, including alkyl, e.g., methyl, ethyl, propyl, 
butyl, hexyl or cyclohexyl; aryl, e.g., phenyl or tolyl; or the 
above-described group whose hydrogen atom bonded to the carbon 
atom is totally or partly substituted with a halogen, e.g., 
fluorine . 

X is a hydrolyzable group selected from the group consisting 
of hydride (-H), halogen, alkoxyl, acyloxy, ketoxymate, amide, 
acid amide, aminoxy, mercapto, alkenyloxy, thioalkoxy and amino 
group. 

The concrete examples of halogen, alkoxyl, acyloxy, 
ketoxymate, acid amide and thioalkoxy group are those for X in 
the general formula [IV], described later. 

"a" is an integer of 0 to 2, preferably 0 or 1 . 
Ethylene/a-olef in/non-con jugated polyene random copolymer 

rubber (A 0 ) 

The ethylene/a-olef in/non-con j ugated polyene random 
copolymer rubber (A 0 ) for the present invention is a random 
copolymer of ethylene, a-olefin of 3 to 20 carbon atoms, and 
non-conjugated polyene. 

The concrete examples of the a-olefins of 3 to 20 carbon atoms 
include propylene, 1-butene, 4-methyl-l-pentene, 1-hexene, 
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1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 
^dodecene, l-tridecene r 1-tetradecene, 1-pentadecene , 
1-hexadecene, 1-heptadecene , 1-nonadecene, 1-eicosene, 
9-methyl-l-decene, 11-methyl-l-dodecene , and 
12-ethyl- 1-tetradecene . 

Of these, the oc-olefins of 3 to 10 carbon atoms are more 
preferable, in particular propylene, 1-butene, 1-hexene and 
1-octene . 

These a-olefins may be used either individually or in 
combination . 

The non-conjugated polyene for the present invention is a 
norbornene compound with a vinyl group at the terminal, 
represented by the following general formula [I] or [II] : 

R 2 
I 

H 2 1^ C = CH 2 
I 1 

[i] 

"n" is an integer of 0 to 10, 
R 1 is hydrogen atom or 

an alkyl group of 1 to 10 carbon atoms, e.g., methyl, ethyl, 
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propyl, isopropyl, n-butyl, i-butyl, sec-butyl, t -butyl, 
n-pentyl, i-pentyl, t-pentyl, neopentyl, hexyl, i-hexyl, heptyl, 
octyl, nonyl, and decyl, 
R 2 is hydrogen atom or 

an alkyl group of 1 to 5 carbon atoms of the concrete examples 
for R 1 , 




[II] 

wherein, R 3 is hydrogen atom 

or an alkyl group of 1 to 10 carbon atoms, the concrete example 
of which is the same as the example for R 1 . 

The specific examples of the norbornene compounds represented 
by the general formula [I] or [II] include 
5 -methyl ene-2 -norbornene, 5 -vinyl -2 -norbornene, 
5- (2-propenyl) -2-norbornene, 5- (3-butenyl) -2-norbornene , 
5- (l-methyl-2-propenyl) -2-norbornene, 
5- (4-pentenyl) -2-norbornene, 
5- (l-methyl-3-butenyl) -2-norbornene, 
5- (5-hexenyl) -2-norbornene, 
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5- (l-methyl-4-pentenyl) -2-norbornene, 

5- (2, 3-dimethyl-3-butenyl) -2-norbornene, 

5- (2-ethyl-3-butenyl) -2-norbornene, 

5- (6-heptenyl) -2-norbornene, 

5- (3-methyl-5-hexenyl) -2-norbornene, 

5- (3, 4-dimethyl-4-pentenyl) -2-norbornene, 

5- (3-ethyl-4-pentenyl) -2-norbornene, 

5- (7-octenyl) -2-norbornene, 

5- (2-methyl-6-heptenyl) -2-norbornene, 

5- (1, 2-dimethyl-5-hexenyl) -2-norbornene, 

5- (5- e thyl-5-hexenyl) -2-norbornene, and 

5- (1, 2, 3-trimethyl-4-pentenyl) -2-norbornene. Of these, more 
preferable ones are 5-vinyl-2-norbornene, 
5-methylene-2-norbornene, 5- (2-propenyl) -2-norbornene, 
5- (3-butenyl) -2-norbornene, 5- (4-pentenyl) -2-norbornene, 
5 _ (5-hexenyl) -2-norbornene, 5- (6-heptenyl) -2-norbornene and 
5- (7-octenyl) -2-norbornene. The norbornene compounds may be 
used either individually or in combination. 

A non-conjugated polyene shown below may be used, in addition 
to the above-described one, e.g., 5-vinyl-2-norbornene, within 
limits not detrimental to the object of the present invention. 

More concretely, these non-con j ugatedpolyenes include 1 inear 
non-conjugated polyenes, e.g., 1 , 4-hexadiene , 
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3-methyl-l, 4-hexadiene, 4 -methyl- 1, 4-hexadiene, 
5-methyl-l, 4-hexadiene, 4, 5-dimethyl-l , 4-hexadiene, 
7-methyl-l, 6-octadiene; cyclic non-conjugated polyenes, e.g. , 
methyltetrahydroindene, 5 -ethyl idene -2 -norbornene, 
5 -methylene- 2 -norbornene, 5 -isopropylidene-2 -norbornene, 

5 - vinyl idene -2 -norbornene, 

6- chloromethyl- 5- isopropeny 1-2 -norbornene and 
dicyclopentadiene ; and trienes, e.g., 

2 , 3 -diisopropylidene- 5 -norbornene, 
2-ethylidene-3-isopropylidene-5-norbornene and 
2-propenyl-2 , 2-norbornadiene. 

The ethylene /a-ole fin /non-con j ugated polyene random 
copolymer rubber (A 0 ) comprising the above components has the 
following properties . 

(i) Molar ratio of ethylene to a-olef in of 3 to 20 carbon atoms 
( ethyl ene/a-olef in) 

The ethyl ene /a-ole fin /non-con j ugated polyene random 
copolymer rubber (A 0 ) contains (a) the unit derived from 

ethylene and (b) the unit derived from ot-olefin of 3 to 20 
carbon atoms (sometimes referred simply as "cx-olefin" 
hereinafter) in a molar ratio of 40/60 to 95/5, preferably 50/50 
to 90/10, more preferably 55/45 to 85/15, still more preferably 
60/40 to 80/20 [(a)/(b) molar ratio]. 
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The random copolymer rubber can give, when its -(a) / (b) molar 
ratio falls in the above range, a rubber composition which is 
formed into a crosslinked rubber shape excellent in resistance 
to aging under heating, strength characteristics and rubber 
elasticity, and, at the same time, excellent in resistance to 
cold temperature and moldability. 

(ii) Iodine value 

The ethylene/oc-olef in/non-conjugated polyene random 
copolymer rubber (A 0 ) has an iodine value of 0.5 to 50 (g/lOOg) , 
preferably 0 . 8 to 4 0 (g/lOOg) , more preferably 1 to 30 (g/lOOg) , 
still more preferably 1.5 to 25 (g/lOOg). 

The random copolymer rubber can give, when its iodine value 
falls in the above range, a desired content of the hydrolyzable 
silyl group, and a rubber composition which is formed into a 
crosslinked rubber shape excellent in compression-resistant 
permanent set and resistant to aging under service conditions 
(under heating) . An iodine value exceeding 50 is 
disadvantageous costwise and hence undesirable. 

(iii) Intrinsic viscosity 

The ethylene/oc-olef in/non-conj ugated polyene random 
copolymer rubber (A 0 ) has an intrinsic viscosity [r\] of 0.001 
to 2dl/g, determined in decalin kept at 135°C, preferably 0.01 
to2dl/g, more preferably 0 . 05 to 1. Odl/g, still more preferably 
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0.05 to 0.7dl/g, still more preferably 0.1 to 0.5dl/g. 

The random copolymer rubber can give, when its intrinsic 
viscosity [T|] falls in the above range, a highly fluidic rubber 
composition which is formed into a crosslinked rubber shape 
excellent in strength properties and compression-resistant 
permanent set. 

(iv) Molecular weight distribution (Mw/Mn) 

The ethylene/a-olef in/non-con jugated polyene random 
copolymer rubber (A 0 ) has a molecular weight distribution (Mw/Mn) 
of 3 to 100, determined by gel permeation chromatography (GPC) , 
preferably 3.3 to 75, more preferably 3.5 to 50. 

The random copolymer rubber can give, when its molecular weight 
distribution (Mw/Mn) falls in the above range, a rubber 
composition which is formed into a crosslinked rubber shape 
excellent in f abricability and strength properties. 

The ethylene/a-olef in /non-con j ugated polyene random 
copolymer rubber (A 0 ) is produced by the random copolymerization 
with ethylene, an a-olef in of 3 to 20 carbon atoms and a norbornene 
compound with a vinyl group at the terminal, represented by the 
general formula [I] or [II] under the conditions of a 
polymerization temperature: 30 to 60°C (preferably 30 to 59°C) , 
a polymerization pressure: 4 to 12kgf/cm 2 (preferably 5 to 
8kgf /cm 2 ) , and a molar ratio of charged non-conjugated polyene 
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to ethylene (non-conjugated polyene/ethylene) : 0.01 to 0.2, in 
the presence of a catalyst which contains the compounds (h) and 
(i) described below as the major ingredients. The random 
copolymerization is preferably effected in a hydrocarbon 
5 solvent . 

(h) A soluble vanadium compound represented by the general 
formula VO(OR) n X 3 - n (wherein, R is a hydrocarbon group; X is a 
halogen atom; and "n" is an integer of 0 to 3) or a vanadium 
p compound represented by VX 4 (wherein, X is a halogen atom) . 

□ 10 The above-described soluble vanadium compound (h) is the 

m 

□ component soluble in the hydrocarbon solvent for the 

H 

* polymerization system. More concretely, the representative 

y ones are vanadium compounds represented by the general formula 

VO(OR) a X b or V(OR) c X d (wherein, R is a hydrocarbon group, 0£ 
15 a^3, 0^b^3, 2^a+b^3, 0^c^4, 05Sd^4, and 3^c+d^4) , and adducts 
of the electron donors for these compounds. 

Still more concretely, the examples of these compounds include 
V0C1 3 , VO(OC 2 H 5 )Cl 2 , VO(OC 2 H 5 ) 2 Cl, VO (0-iso-C 3 H 7 ) Cl 2 , 

VO(0-n-C 4 H 9 )Cl 2 , VO(OC 2 H 5 ) 3 , VOBr 3 , VC1 4 , VOCl 3 , VO (0-n-C 4 H 9 ) 3 and 
20 VC1 3 «20C 6 H 12 0H. 

(i) An organoaluminum compound represented by the general 
formula R' m AlX' 3 - m (wherein, R' is a hydrocarbon group; X is a 
halogen atom; and "m" is an integer of 1 to 3) . 
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The concrete examples of the organoaluminum compounds (i) 
include 

trialkyl aluminum, e.g., triethyl aluminum, tributyl aluminum 
and triisopropyl aluminum; 

dialkyl aluminum alkoxide, e.g., diethyl aluminum ethoxide 
and dibutyl aluminum butoxide; 

alkyl aluminum sesquialkoxide, e.g., ethyl aluminum 
sesquiethoxide and butyl aluminum sesquibutoxide ; 

partially alkoxylated alkyl aluminum, having an average 
composition represented by the general formula RVsAl (OR 1 ) 0.5 
or the like; 

dialkyl aluminum halide, e.g., diethyl aluminum chloride, 
dibutyl aluminum chloride and diethyl aluminum bromide; 

partially halogenated alkyl aluminum, e.g., alkyl aluminum 
sesquihalide (e.g., ethyl aluminum sesquichloride, butyl 
aluminum sesquichloride and ethyl aluminum sesquibromide ) , and 
alkyl aluminumdihalide (e.g., ethyl aluminumdichloride, propyl 
aluminum dichloride and butyl aluminum dibromide) ; 

partially hydrogenated alkyl aluminum, e.g. , dialkyl aluminum 
hydride (e.g., diethyl aluminum hydride and dibutyl aluminum 
hydride), and alkyl aluminum dihydride (e.g., ethyl aluminum 
dihydride and propyl aluminum dihydride) ; and 

partially alkoxylated or halogenated alkyl aluminum, e.g., 
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ethyl aluminum ethoxychloride , butyl aluminum butoxychloride 
and ethyl aluminum ethoxybromide . 

It is preferable to use the catalyst comprising the soluble 
vanadium compound represented by VOCI3 as a compound (h) and 
a blend of Al (OC 2 H 5 ) 2 C1/A1 2 (OC 2 H 5 ) 3CI3 (blending ratio: 1/5 or 
more) as compounds (i) , because it gives an 

ethylene /a-ole fin /non-con j ugated polyene random copolymer 
rubber (A 0 ) containing the insolubles at 1% or less, after it 
is treated with a Soxhlet extractor (solvent: boiling xylene, 
extraction time: 3 hours, and mesh: 325). 

A metallocene catalyst, e.g., that disclosed by Japanese 
Patent La id-Open Publication No . 4 0 58 6/ 1 9 97 , may be used for the 
copolymer! zat ion . 

Silicon compound 
The silicon compound useful for the present invention is 
represented by the following general formula [IV]: 

Ra 

I 

HSiX 3 - a 

[IV] 

R in the general formula [IV] is a monovalent hydrocarbon 
group of 1 to 12 carbon atoms, which may be substituted or not, 
preferably free of an unsaturated aliphatic bond, including 
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alkyl, e.g., methyl, ethyl, propyl, butyl, hexyl and cyclohexyl ; 
aryl, e.g., phenyl and tolyl; and these groups whose hydrogen 
atoms bonded to carbon atom are partially or totally 
substituted with a halogen atom, e.g., fluorine. 

x is a hydride (-H), halogen, alkoxyl, acyloxy, ketoxymate, 
amide, acid amide, aminoxy, mercapto, alkenyloxy, thioalkoxy, 

or amino group. 

The halogen groups includes chlorine, fluorine, bromine and 

iodine atoms. 

The alkoxyl groups include methoxy, ethoxy, propoxy, 
propoxybutoxy, isopropoxy, isobutoxy, sec-butoxy, tert-butoxy, 
pentyloxy, hexyloxy and phenoxy. 

The acyloxy groups include acetoxy and beozoyloxy. 
□ The ketoxymate groups include acetoxymate, 

dimethylketoxymate, diethylketoxymate and cyclohexylmate . 

The amide groups include dimethylamide, diethylamide, 
dipropylamide, dibutylamide and diphenylamide . 

The acid amide groups include carboxylic acid amide, maleic 
acid amide, acrylic acid amide and itaconic acid amide. 

Thioalkoxy groups include thiomethoxy, thioethoxy, 
thiopropoxy, thioisopropoxy, thioisobutoxy , sec-thiobutoxy , 
tert-thiobutoxy, thiopentyloxy , thiohexyloxy and thiophenoxy . 
The amino groups include dimethylamino, diethylamino , 



20 
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dipropylamino, dibutylamino and diphenylamino . 

Of these groups, the alkoxyl groups, in particular those of 
1 to 4 carbon atoms, are more preferable. 

"a" in the general formula [IV] is an integer of 0 to 2, 
preferably 0 or 1 . 

The concrete examples of the silicon compounds represented 
by the general formula [IV] include 

halogenated silanes, e.g., trichlorosilane , 
methyldichlorosilane , dimethyl chlorosi lane , 
ethyldichlorosilane , diethylchlorosilane, 
phenyl di chlorosi lane and diphenylchlorosilane; 

alkoxysilanes, e.g. , trimethoxysilane, tr iethoxysilane , 
methyldimethoxysilane , ethyldimethoxysilane, 
butyldimethoxysilane, methyldiethoxysilane , 
ethyldiethoxysilane, but y Iethoxysilane and 
phenyldimethoxysilane ; 

acyloxysilanes, e.g. , triacetoxysilane, 
methyldiacetoxysilane and phenyldiacetoxysilane; 

ketoxymatesilanes , e.g., tris (acetoxymate ) si lane, 
bis ( dimethyl ketoxymate ) methyl si lane , 
bis ( met hylethyl ketoxymate ) methylsilane, 
bis ( cyclohexyl ketoxymate ) methylsilane ; 

aminoxysilanes, e.g., aminoxysilane and triaminoxysi lane ; 
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and 

aminosilanes, e.g., methyldiaminosilane and triaminosi lane . 
Of these compounds, alkoxysilanes are particularly preferable. 

The silicon compound represented by the general formula [IV] 
is preferably incorporated at 0 . 01 to 5 mols per mol of the double 
bond present in the ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (A 0 ) , more preferably 0.05 to 3 mols. 

The hydrosilylation reaction is effected in the presence of 
a transition metal complex catalyst. 

The effective catalysts for the hydrosilylation reaction 
include a complex compound of a Group VIII transition metal 
selected from the group consisting of platinum, rhodium, cobalt, 
palladium and nickel, of which chloroplat inic acid and a 
platinum/olef in complex are particularly preferable. In this 
case, the quantity of the catalyst is 0.1 to 10, 000ppm as the 
metal unit based on the ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (A 0 ) as the reactant, preferably 
1 to lOOOppm, more preferably 20 to 200ppm. 

The hydrosilylation reaction is effected at 30" to 180°C, 
preferably 60 to 150°C, under an elevated pressure , as required, 
for around 10 seconds to 10 hours. 

A solvent may be used, although not essential. When it is 
to be used, an inert solvent, e.g., an ether or hydrocarbon, 
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is preferable. 

In the present invention, the hydrosilylat ion reaction 
produces the ethylene/a-olef in/non-conjugated polyene random 
copolymer rubber (Al) having a hydrolyzable silyl group, 
5 represented by one of the following general formulae. It is 
the ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (A 0 ) which has the SiH group of the silicon compound, 
M« represented by the general formula [IV] , bonded to the double 



bond . 



Ra 

I 

CH = CH - + HSiX 3 - a " CH 2 - CH - 



O R a SiX 3 - a 

W 

D 

^ Ra 

fll 20 - CH - CH 2 + HSiX 3 - a ^ " CH 2 - CH 2 

I 

R a SiX 3 - a 

It is possible to add a siloxane hydrogen-modified at one 
25 terminal, represented by the following general formula, to the 
copolymer rubber (Al), in addition to the compound with a 
hydrolyzable silyl group, represented by the general formula 
[IV], to impart the weather resistance, slippage and gas 
permeation characteristic of the siloxane to the copolymer 
30 rubber: 
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CH, 



HSi 



CH, 



OSi 



m 



CH, J 



wherein, R 1 is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms, which may be substituted or not, like R for the general 
formula [IV], particularly preferably an alkyl group; and "m" 
is an integer of 5 to 200, particularly preferably 10 to 150. 



[Compound having a silanol group and/or compound which can react 
with moisture to form a compound having a silanol group in the 

molecule (Bl ) ] 

The compound having a silanol group in the molecule for the 
present invention is not limited, so long as it has one =SiOH 
group in the molecule . The concrete examples of these compounds 
useful for the present invention include: 

compounds represented by the general formula R 3 SiOH (wherein, 
R is an alkyl or aryl group, which may be substituted or not, 
and may be the same or different), e.g., (CH 3 ) 3 SiOH, 
(CH3CH2) 3 SiOH, (CH 3 CH 2 CH 2 ) 3 SiOH, (n-C 4 H 9 ) 3 SiOH, (sec-C 4 H 9 ) 3 SiOH, 
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(t-C 4 H 9 ) 3 SiOH, (C 5 Hn) 3 SiOH, ( C 5 H 13 ) 3 SiOH , (C 6 H 5 ) 3 SiOH, 
(C 6 H 5 ) 2 Si (CH 3 ) (OH) , (C 6 H 5 )Si(CH 3 ) 2 (OH) , (C 6 H 5 ) 2 Si (C 2 H 5 ) (OH) , 
(C 6 H 5 )Si(C 2 H 5 ) 2 (OH) , (C 6 H 5 )-CH 2 Si(C 2 H 5 ) 2 (OH) , 



CH 3 

5 I 




s 

15 and cyclic polysiloxane compounds having a silanol group, 
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linear polysiloxane compounds having a silanol group, e.g. 
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compounds having a silanol group bonded to the terminal of 
polymer whose main chain comprises silicon and carbon, e.g., 



HO 
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componds having a silanol group bonded to the polysilane' s 
main chain at the terminal, e.g., 



HO 



CH 3 
I 

Si - 



CH 3 J n 



HO 



C 6 H 5 
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Si — 



L C 6 H 5 -I n 
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impounds having a silanol group bonded to the terminal of 
a polymer whose main chain comprises silicon, carbon and oxygen, 
e.g., 



CH 3 
I 

MO — SiO-C 6 H 4 -0- 
L CH 3 



CH 3 
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-Si— 



n 



CH, 



CH, 
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The compound having =SiOH group at a higher content shows 
the higher effect at the same quantity. (CH 3 ) 3 SiOH and 
(CH 3 CH 2 ) 3 SiOH are more preferable from this respect, and 
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(C 6 H 5 ) 3 SiOH, (C 6 H 5 ) 2 Si(CH 3 ) (OH) and (C 6 H 5 ) Si (CH 3 ) 2 (OH) are more 
preferable for their handling easiness and stability in air. 

The compounds which can react with moisture to form a compound 
having a silanol group in the molecule for the present invention 
5 include the followings, each of which is known as the silylation 
agent : 

(CH 3 ) 3 Si-NH-Si (CH 3 ) 3 , 
(CH 3 ) 3 SiN (CH 3 ) 2 , 
(CH 3 ) 3 SiO-C (CH 3 ) (NSi (CH 3 ) 3) , 
Tk 10 C 6 H 5 

□ \ 

N - CO - NH - C e H 5 

/ 

D (CH 3 ) 3 Si 
y 15 

SJ (CH 3 ) 3 Si-NH-CO-NH-Si (CH 3 ) 3 , 

and 

Si (CH 3 ) 3 
I 

N. 



20 



25 



1 

N 



CF 3 -S0 2 -OSi (CH 3 ) 3 . They can be suitably used for the present 
invention, and (CH 3 ) 3 Si-NH-Si (CH 3 ) 3 is particularly preferable 
for high content of =SiOH group in the hydrolyzable product. 
The compound (Bl) has the effects of improving tensile 
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characteristics (i.e., decreasing modulus and increasing 
elongation) of the cured product, and also residual tackiness. 
The improved tensile characteristics is conceivably due to the 
following phenomenon: the silicon compound or the silanol 
compound as the hydrolysis product thereof reacts with the 
hydrolyzable silyl group in the silyl-containing 
ethylene/ct-olef in/non-conjugated polyene random copolymer 
rubber (Al) in such a way to cap the group, to decrease the number 
of the crosslinking points of the copolymer rubber (Al) and, 
in turn, increase the molecular weight between the crosslinking 
points, with the result that the cured product of low modulus 
and high elongation is produced. The phenomenon involved in 
improvement of the residual tackiness is not well understood. 
It is, however, considered that the increased molecular weight 
between the crosslinking points is accompanied by the decrease 
in number of the free molecular chains/branches that are not 
involved in the crosslinking, to decrease the residual tackiness. 

Quantity of the compound (Bl) to be incorporated varies 
depending on the expected properties of the cured product. It 
is incorporated at a rate determined by the ratio of the silanol 
(=SiOH) equivalents per mol of the hydrolyzable silyl group 
in the silyl-containing ethylene/a-olef in/non-conjugated 
polyene random copolymer rubber (Al) . The compound (Bl) is 
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incorporated normally at 0.1 to 0.9 equivalents of the silanol 
group per mol of the silyl-containing 

ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (Al) , to give the cured product of low modulus and high 
elongation. It is necessary, however, to leave the hydrolyzable 
silyl group uncapped despite the presence of the compound (Bl) 
at a rate of at least 0.1 groups in the molecule. The compound 
( Bl ) may be incorporated at more than 0 . 9 equivalent of the si lanol 
group, which, however, is not recommended from the economic 
consideration. The composition incorporating the compound (Bl) 
at 0 . 3 equivalents or more, preferably 0 . 5 equivalents or more, 
may not be sufficiently cured and left uncured. Surprisingly, 
however, the thin layer portion on the uncured composition 
surface is sufficiently cured to be completely tackiness-free. 
Inotherwords, the composition is semi-cured, sufficiently cured 
in the surface portion but left uncured inside. Such a 
composition can suitably find use for sealants, e.g., the 
so-called mastic sealant. 

The methods for incorporating the compound (Bl) fall into 
3 general categories . The first method merely adds the compound 

(Bl) to the silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (Al), wherein it is uniformly 

dispersed and dissolved by carefully setting the conditions, 
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e.g., temperature and stirring conditions, as required in 
consideration of the compound (Bl) properties. In this case, 
the composition may not be necessarily transparent completely, 
and can sufficiently achieve the objectives even when it is not 
transparent, so long as the composition (Bl) is sufficiently 
dispersed therein. A dispersibility improver , e.g., surfactant, 
may be used, as required. 

The second method mixes a given quantity of the compound (Bl) 
with the final product, when it is used. For example, when the 
composition is used as a two-liquid type sealant, the compound 
(Bl) may be mixed as the third component with the base and curing 
agent for the composition. 

The third method reacts the compound (Bl) beforehand with 
the silyl -containing ethylene /a-ole fin /non-con j uga ted polyene 
random copolymer rubber (Al) in the presence of a tin-based, 
titanate ester-based, acid or basic catalyst, as required, or 
in the presence of water when the compound (Bl) is a compound 
which can react with moisture to form a compound having a silanol 
group in the molecule, followed by evaporation under a vacuum 
and heating. 

The concrete examples of the catalysts useful for the present 
invention include : 

titanate esters, e.g., those of tetrabutyl titanate and 
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tetrapropyl titanate; 

organotin compounds, e.g., dibutyl tin dilaurate, dibutyl 
tin raaleate, dibutyl tin diacetate, tin octylate and tin 
naphthenate; lead octylate; 
5 amine-based compounds and salts of these compounds and 

carboxylates, e.g., butylamine, octylamine, dibutylamine , 
monoethanolamine, diethanolamine , triethanolamine, 
M= diethylenetriamine, triethylenetetramine, oleylamine, 

octylamine, cyclohexylamine, benzylamine, 
10 diethylaminopropylamine, xylylenediamine, triethylenediamine , 
guanidine, diphenylguanidine , 

2, 4, 6-tris (dimethylaminomethyl) phenol, morpholine, N-methyl 
| morpholine, and 1 , 3-diazabicyclo ( 5 , 4 , 6 ) undecene-7 (DBU); 

□ low-molecular-weight polyamide resins produced by the 

m 

15 reactions of excessive quantities of polyamines and polybasic 
acids ; 

products of the reactions between excessive quantities of 
polyamines and epoxy compounds; and 

silanol condensing catalysts, e.g., silane coupling agents 
20 containing amino group (e.g. , T -aminopropyl trimethoxy silane 
and N- (P-aminoethyl) aminopropyl methyldimethoxy silane). 
These compounds may be used either individually or in 
combination . 



□ 

Si 
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The curable elastomer composition (1) of the present invention 
thus produced may be incorporated, as required, with various 
additives, e.g., white carbon, carbonblack, calcium carbonate, 
titanium oxide, talc, asbestos and glass fibers, which serve, 
5 e.g., as a reinforcing or non-reinforcing filler, a plasticizer , 
an antioxidant, an ultraviolet ray absorber, a pigment, or a 
flame retardant, so as to be useful as an adhesive, tackifier, 
§=t paint and sealant compositions, waterproof material, spray 

5 material, shaping material or casting rubber material. Of these, 

H 

° 10 application to sealant and tackifiner agent compositions is 

o 

Cl especially useful. 

□ The curable elastomer composition (1) of the present invention, 

S when used as a sealant, may be incorporated, as required, with 

a plasticizer, a filler, a reinforcing agent, a dripping 
15 inhibitor, a colorant, an aging inhibitor, an adhesion promoter, 
a curing catalyst or a property adjuster. 

The plasticizers useful for the present invention include: 
phthalate esters, e.g. , dibutyl phthalate , diheptyl phthalate, 
di (2-ethylhexyl) phthalate, butyl benzyl phthalate and bytyl 
20 phthalyl butyl glycolate; 

non-aromatic, dibasic acid esters, e.g., dioctyl adipate and 

dioctyl cebacate; 

esters of polyalkylene glycol, e.g., diethylene glycol 
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dibenzoate and triethylene glycol dibenzoate; 

phosphate esters, e.g., tricresyl phosphate and tributyl 

phosphate ; 

chlorinated paraffins; and 

hydrocarbon-based oils, e.g., polybutene, hydrogenated 
polybutene, ethylene/a-olef in oligomer, a-methyl styrene 
oligomer, biphenyl, triphenyl, triaryl dimethane, alkylene 
triphenyl, liquid polybutadiene, hydrogenated liquid 
polybutadiene, alkyl diphenyl, partially hydrogenated 
ter-phenyl, paraffin oil, naphthene oil and atactic 
polypropylene. The above compound is selected, depending on 
specific purposes, e.g., adjustment of characteristics and 
properties. They may be used either individually or in 
combination, although not necessarily essential. 

Of these, the hydrocarbon-based compounds free of unsaturated 
group (e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene) are more preferable, because they are well 
compatible with various components for the composition of the 
present invention, affecting curing speed of the rubber 
composition to only a limited extent, giving the cured product 
of high resistance to weather, and inexpensive. 

The above plasticizer may replace the solvent used when a 
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hydrolyzable silyl group is introduced in the 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A 0 ) , in order to adjust reaction temperature and viscosity 

of the reaction system. 

5 The fillers and reinforcing agents useful for the present 

invention include limestone powder and calcium carbonate; 

calcium carbonate surf ace-treated with a fatty acid, resin acid, 

U or cationic or anionic surfactant; magnesium carbonate; talc; 

O 

O titanium oxide; barium sulfate; alumina; powder of metal (e.g., 

aluminum, zinc or iron) ; bentonite; kaolin clay; fumed silica; 
quartz powder; and carbon black. These are the common ones, 
and one or more of these compounds may be used. Of these, the 
filler or reinforcing agent capable of imparting transparency, 
e.g., fumed silica, can give the sealant with high 
15 transparency. 

The dripping inhibitors useful for the present invention 
include a hydrogenated castor oil derivative; and metallic 
soaps, e.g., calcium stearate, aluminum stearate and barium 
stearate . A dripping inhibitor may not be necessary, depending 
on purposes of the curable composition, and a filler or 
reinforcing agent incorporated. 

The colorants useful for the present invention include the 
common inorganic and organic pigments, and dyes, each of which 
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may be used, as required. 

The property adjusters useful for the present invention 
include various silane coupling agents: such as alkyl alkoxy 
silanes, e.g., methyltrimethoxy silane, dimethyldimethoxy 
silane, trimethylmethoxy silane and n-propyltrimethoxy silane; 
alkyl isopropenoxy silanes, e.g., dimethyldiisopropenoxy 
silane, methyltriisopropenoxy silane and 7 

-glycidoxypropylmethyldiisopropenoxy silane; alkoxy silanes 

having a functional group, e.g., 7 
-glycidoxypropylmethyldimethoxy silane, 7 

-glycidoxypropyltrimethoxy silane, vinyl trimethoxy silane, 
vinyl dimethylmethoxy silane, 7 -aminopropyltrimethoxy silane, 
N- ((3-aminoethyl) aminopropylmethyldimethoxy si lane , 7 
-mercaptopropyltrimethoxy silane and 7 

-mercaptopropylmethyldimethoxysilane; silicone varnishes ; and 
polysiloxanes . 

The above property adj uster can increase hardness, or decrease 
hardness and increase elongation of the curable elastomer 
composition (1) of the present invention, when it is cured. 

Use of an adhesion promoter is not essential, because the 
silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (Al) per se is adhesive to glass, other 
ceramic materials and metals, and adhesive to materials in a 
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wider range in the presence of a primer of every kind. However, 
the composition can improve adhesion to materials in a still 
wider range, when incorporated with one or more types of epoxy 
resin, phenolic resin, varying silane coupling agents, alkyl 
titanates or aromatic polyisocyanates . 

The curing catalysts useful for the present invention include : 
titanate esters, e.g., those of tetrabutyl titanate and 
tetrapropyl titanate; organotin compounds, e.g., dibutyl tin 
dilaurate, dibutyl tin maleate, dibutyl tin diacetate, tin 
octylate and tin naphthenate; lead octylate; amine-based 
compounds and salts of these compounds and carboxylates , e.g. , 
butylamine, octylamine, dibut ylamine , monoethanolamine , 
diethanolamine, triethanolamine, diethylenetriamine, 
triethylenetetramine, oleylamine, octylamine, cyclohexylamine , 
benzylamine, diethylaminopropylamine , xylylenediamine, 
triethylenediamine, guanidine, diphenylguanidine, 
2, 4, 6-tris (dimethylaminomethyl) phenol, morpholine, N-methyl 
morpholine, and 1 , 3-diazabicyclo ( 5 , 4 , 6 ) undecene-7 (DBU) ; 
low-molecular-weight polyamide resin products of the reactions 
between excessive quantities of polyamines and polybasic acids ; 
products of the reactions between excessive quantities of 
polyamines and epoxy compounds; and known silanol condensing 
catalysts, e.g., silane coupling agents containing amino group 
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(e.g., 7 -aminopropyl trimethoxy silane and 

N- (P-aminoethyl) aminopropyl methyldimethoxy silane). These 
compounds may be used either individually or in combination. 
The curing catalyst may be dissolved in a solvent for, e.g., 
5 improving workability and reducing viscosity. The solvent 
useful for the above purposes include aromatic hydrocarbon-based 
ones, e.g., toluene and xylene; ester-based ones, e.g., ethyl 
acetate, butyl acetate, amyl acetate and cellosolve acetate; 

p 

P and ketone-based ones, e.g., methylethylketone, 



methylisobutylketone and diisobutylketone . The solvent may be 



3 used during the process of producing the silyl-containing 

Q ethylene/a-olef in/non-conjugated polyene random copolymer 



□ rubber (Al) . 

•st 

D The aging inhibitors useful for the present invention include 

111 

15 a common antioxidant, e.g., a sulfur-based one, radical 

inhibitor and ultraviolet ray absorber, although use of the 
aging inhibitor is not essential. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans , salts thereof , sulfides including 

20 sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulf ides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
mercaptols, monothio acids, polythio acids, thioamides, and 
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sulfoxides. 

More concretely, the sulfur-based aging inhibitors include: 
mercaptans, e.g., 2-mercaptobenzothiazole ; 
salts of mercaptans, e.g., zinc salt of 2-mercaptobenzothiazole; 

sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 
4, 4' -thio-bis (2-methyl-6-t-butyl phenol) , 
2, 2' -thio-bis ( 4-methyl-6-t-butyl phenol), 
M= bis(3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

terephthaloyl di (2 , 6-di-methyl-4-t-butyl-3-hydroxybenzyl ) 
sulfide, phenothiazine, 2 , 2' -thio-bis- ( 4-octyl phenol ) nickel, 
dilauryl thiodipropionate , distearyl thiodipropionate , 
dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl (5,p' -thiodibutyrate , lauryl-stearyl thiodipropionate 
and 2,2-thio[diethyl-bis-3(3,5-di-t-butyl-4-hydroxy 

15 phenol) propionate] ; 

polysulfides, e.g., 2-benzothiazole disulfide; 
dithiocarboxylates, e.g., zinc dibutyldithiocarbamate , zinc 
diethyldithiocarbamate, nickel dibutyldithiocarbamate, zinc 
di-n-butyldithiocarbamate, dibutyl ammonium 

dibutyldithiocarbamate, zinc ethyl-phenyl-dithiocarbamate and 
zinc dimethylcarbamate; 

thioureas, e.g., l-butyl-3-oxy-diethylene-2-thiourea, 
di-o-tolyl-thiourea and ethylene thiourea; and 
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thiophosphates, e.g., trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the curable rubber 
composition of the present invention, controlling the problems, 
e.g., residual surface tackiness. 

The radical inhibitors useful for the present invention 
include phenol-based ones, e.g., 

2, 2-methylene-bis ( 4 -methyl-6-t-butyl phenol) and 

tetrakis[methylene-3- ( 3 , 5-di-t-butyl-4-hydroxyphenyl) propio 

nate] methane; and amine-based ones, e.g., 

phenyl-p-naphthylamine, a-naphthylamine and 

N, N' -sec-butyl-p-phenylenediamine, phenothiazine and 

N, N' -diphenyl-p-phenylenediamine. 

The ultraviolet ray absorbers useful for the present invention 
include 2-(2'-hydroxy-3' , 5' -di-t-butylphenyl) benzotriazole 
and bis (2, 2, 6, 6-tetramethyl-4-piperidine ) cebacate. 

The aging inhibitor is incorporated at about 0.1 to 20 parts 
by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al), preferably 1 to 10 parts by weight. 

The sealant composition may be prepared for a one-liquid type, 
where the composition of all of the components is prepared 
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beforehand and sealed, and cured with moisture in air after it 
is applied, or for a two-liquid type, where the separately 
prepared curing agent composition of, e.g., a curing catalyst, 
a filler, a plasticizer and water as the curing agent is mixed 
with the silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber before use. 

When the sealant composition is used for the one-liquid type, 
it is preferable that the water-containing component is 
dehydrated/dried beforehand, or dehydrated during 
mixing/kneading under a vacuum, because it contains all of the 
components before use. 

When used for the two-liquid type, on the other hand, the 
sealant composition may contain water to some extent, because 
the silyl-containing ethylene/a-olef in/non-conj ugated polyene 
random copolymer rubber (Al) is not incorporated beforehand with 
the curing catalyst and hence will not be gelled even in the 
presence of water. Nevertheless, however, it is preferable to 
dehydrate/dry the composition, when it is required to have 
storage stability for extended periods. 

The preferable dehydration/drying method is drying under 
heating for the solid, e.g., powdery, composition, and 
dehydration under a vacuumor in the presence of synthetic zeolite, 
activated alumina or silica gel for the liquid composition. 
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Moreover, it may be dehydrated in the presence of a small quantity 
of an isocyanate compound, where the isocyanate group reacts 
with water. The composition will have still improved storage 
stability, when treated for the above-mentioned 
5 dehydration/drying and incorporated with a lower alcohol, e.g., 
methanol or ethanol; or alkoxysilane compound, e.g., 
n-propyltrimethoxy silane, vinyl methyldimethoxysilane, 7 
^ -mercaptopropylmethyldimethoxysilane and 7 

c 

-qlycidoxypropyltrimethoxysilane . 
| 10 The curable elastomer composition (1) of the present invention, 
when used as a tackif ier, may be incorporated, as required, with 
a curing catalyst, an aging inhibitor, a plasticizer, a 
reinforcing agent, a property adjuster or a solvent, which can 
be used for the sealant. It may be further incorporated, 
15 depending on its purposes, a known additive commonly used for 
tackif iers, e.g., rosin ester resin, phenol resin, xylene resin, 
xylene/phenol resin, coumarone resin, petroleum-based resin 
(e.g., aromatic-, aliphatic/aromatic copolymer- or 
alicyclic-based resin) , terpene resin, terpene/phenol resin or 
20 low-molecular-weight polystyrene resin. The tackifier 

composition can find wide uses, e.g. , tapes, sheets, labels and 
foils. For example, the above-described tackif ier composition, 
of non-solvent liquid, solvent type, emulsion type or hot-melt 
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type, is applied to a base material, e.g., synthetic resin or 
modified natural film, paper, any type of cloth, metallic foil, 
metallized plastic foil, asbestos or cloth of glass fibers, and 
cured at normal or elevated temperature after being exposed to 
moisture or water. 



H 

e 



Curable elastomer composition (1) and its uses 
The curable elastomer composition (1) of the present invention 

contains the curable composition with the silyl-containing 
10 ethylene/a-olefin/non-conjugated polyene random copolymer 

rubber as the component (Al), as described in detail earlier. 

More concretely, it contains the organic polymer (Z) containing 

the hydrolyzable silyl group represented by the general formula 

[III] and essentially no unsaturated double bond in the main 
15 chain, and the compound (Bl) having a silanol group and/or the 

compound which can react with moisture to form a compound having 

a silanol group in the molecule. 

It can be suitably used for electric/electronic device members , 
transportation machines, and civil engineering/construction, 
20 medical and leisure areas, as described in DISCLOSURE OF THE 
INVENTION . 

The curable elastomer composition (1) of the present invent ion 
can be used as a sealant, a potting agent, a coating material 
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or an adhesive for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas. 

The curable elastomer composition (1) of the present invent ion 
is developed by the inventors of the present invention, who have 
extensively studied a composition which can replace the propylene 
oxide-based polymer described in BACKGROUND OF THE INVENTION, 
and give the cured product improved in elongation and residual 
surface tackiness, faster in curing speed and higher in 
resistance to weather. They have found that the composition 
containing a silyl-containing 

ethylene/a-olef in/non-con jugated polyene random copolymer 
rubber having a structural unit derived from a norbornene 
compound as the non-conjugated polyene with a specific terminal 
vinyl group, and containing a specific hydrolyzable silyl group 
in the molecule and a compound having a silanol group and/or 
a compound which can react with moisture to form a compound having 
a silanol group in the molecule is faster in curing speed, can 
give the cured product of higher resistance to weather, improved 
in elongation and residual surface tackiness, reaching the 
present invention . 

Japanese Patent Laid-Open Publication Nos . 34066/198 6 and 
34067/1986, cited earlier, are completely silent on an 
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ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber having a structural unit derived from a norbornene 
compound with a specific terminal vinyl group, and containing 
a specific hydrolyzable silyl group in the molecule. 

Curable rubber composition (2) 
The curable rubber composition (2) of the present invention 
is composed of the silyl-containing 

ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (Al) , a tetravalent tin compound (C) , a silicon compound 
(B2) and, as required, a silane coupling agent containing 
isocyanate group. 

[Tetravalent tin compound (C) ] 

The curable rubber composition (2) of the present invention 
contains a tetravalent tin compound (C) as the high-activity, 
silanol condensing catalyst. 

More concretely, the tetravalent tin compounds (C) useful 
for the present invention include: 

tin carboxylates , 

dialkyl tin oxides, and 

tin compounds represented by the general formula Q d Sn(OZ) 4 -d 
or [Q 2 Sn(OZ)] 2 0 (wherein, Q is a monovalent hydrocarbon group 
of 1 to 20 carbon atoms; Z is a monovalent hydrocarbon group 
of 1 to 20 carbon atoms or an organic group having a functional 
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^ o.tmalcolates) aremorep 

bisacetylacetate, ortx cat a 

4-wity as tn . The tin 

they have high activi ^position- 

, rate curing of the accelerate 
and accelerate pfera ble, because they 

Hlimore pr efera invention 
folates are still 

^ble rubber composi span 
cur ingoftheCurabl e time , 

otably , and have longer ^ &f fce t th e 

more notably, & finis hmg, can 

for which worKs, e.g., 

nt is kneaded witn inC lude : 

m ain ingredient t inve nt 

• ra rboxylates useful for yl tin 

Thetmcarbo y ^ dia cetate, 

, tin dilaurate, dibutyl tin 
dibutyl tm dioctate, 

late dibutyl ti dibu tyl tin 

diethylheKanolate-^^ ^ diet hylmaleate, dib» 

dimethyl^aleate, 
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dibutylmaleate, dibutyl tin diisooctylmaleate, dibutyl tin 
ditridecylmaleate, dibutyl tin dibenzylmaleate , dibutyl tin 
maleate, dioctyl tin diacetate, dioctyl tin distearate, dioctyl 
tin dilaurate, dioctyl tin diethylmaleate and dioctyl tin 
diisooctylmaleate . 

The dialkyl tin oxides useful for the present invention 
include: dibutyl tin oxide, dioctyl tin oxide, and a mixture 
of dibutyl tin oxide and a phthalate ester. 

The concrete examples of the chelate compounds include: 



/ 

\ 

(C^SnM 



CH, 



CH 



O — C 



/ 



C 2 H 5 



(QH^Sn^ ^ 



CH 



O — C 



CH 



3 -I 



(C 4 H 9 ) 2 Sn; 



^ ° = C \ 



OC 2 H 5 



CH 



OH, 



The concrete examples of the tin alcolates include: 
(C4H9) 3 SnOCH 3 , 
(C 4 H 9 ) 2 Sn(OCH 3 )2, 
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C 4 H 9 Sn (OCH 3 ) 3, 

Sn (OCH3) 4 , 

(C 4 H 9 ) 2 Sn(OC 3 H 7 )2, 

(C 4 H 9 ) 2 Sn(OC 4 H 9 ) 2 , 

(C 4 H 9 ) 2 Sn(OC 8 H 17 ) 2 , 

(C 4 H 9 ) 2 Sn(OC 12 H 25 ) 2 , 

(C 8 H 17 ) 2 Sn(OCH 3 ) 2 , 



OCH3 

Of these, dialkyl tin dialkoxide is more preferable. 
Especially, dibutyl tin dimethoxide is most preferable, because 






[(C 4 H 9 ) 2 Sn] 2 0 




[(C 4 H 9 ) 2 Sn] 2 0 
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of its low cost and high availability. 

The tetravalent tin compound (C) , working as the silanol 
condensing catalyst, may be used in combination with another 
silanol condensing catalyst, so long as the object of the present 
5 invention is attained. 

The concrete examples of such sil^nni 

t/ o ^cn silanol condensing catalysts 

include : 

g titanate esters, e.g., those of tetrabutyl titanate and 

tetrapropyl titanate; 



ffi 



B 



10 organoaluminum compounds, e.g., aluminum 

trisacetylacetonate, aluminum trisethylacetoacetate and 



y diisopropoxy aluminum ethylacetoacetate; 

1 chelate compounds, e.g., zirconium tetraacetylacetonate and 

fU titanium tetraacetylacetonate; 
15 lead octylate; 

amine-based compounds, e.g., butylamine, octylamine, 
laurylamine, dibutylamine, monoethanolamine, diethanolamine, 
triethanolamine, diethylenetriamine, triethylenetetramine, 
oleylamine, cyclohexylamine, benzylamine, 
20 diethylaminopropylamine, xylylenediamine, triethylenediamine, 
guanidine, diphenylguanidine, 

2,4,6-tris(dimethylaminomethyl) phenol, morpholine, N-methyl 
morpholine, 2-ethyl-4-methylimidazole, and 
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1.8-diazabicyclo<5,,,0) undecene-7 (DBU) ; 

salts of these amine-based compounds and carboxylates; 
low-molecular-weight po lyam ide resins produced by the 
reactions or excessive q ua„tities o f P oi y a mi „es and po ly basic 



acids; 



o 

u 

fits. 



Products or the reactions between excessive entities of 
polyamines and epoxy compounds; and 

siiane cou P iin g agents containing amino group, e.g r 
-aminopropyl trimethoxy siiane and N- <p-aminoethyl , aminopropyl 
g 10 methyldimethoxy silane; 

few* 

and other xnown silano! condensing catalysts, e.g.. acldic 
and basic catalysts. . 

S TheSe COmPOU " dS bS -"her individually or in 

ffj combination. 

« The tetravalent tin compound «c> is incorporated normally 

silyl-containing ethylene/«-o le f in/„on-co nj ugated polyene 
random copoiymer rubber (A1 , , preferably 

-re preferably ! to 10 parts by weight. The tetravalent tin 

20 compound (C) as the siianol curing catalv,r „ 

19 catalyst, when used in the 

above range, sufficiency accelerates the curing reaction at 
a high speed, and gives the good cured product without causing 
local heat or foaming while the rubber composition is being cured 
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Mor 7 r ' the composition has a rel — — — , and 

good workability. 

[Silicon compound (B2)] 

The curable rubber composition (2) of thp 

. U) of the Present invention 

may be incorporated with a S1 'n„ 

silicon compound (B2) having no 
silanol groups represented by the foil • 

7 6 followi *g general fcrmula 

LVJ, m order to further- 

" hanCe aCtlvi *y "t the tetravalent 

tin compound (C) * o i-h^ 

< C > as the sxlanol condensing catalyst: 



£ R 4 aSi(OR 5 ) 4 _ a 

[V] 



Sf 

B 

F.S 

Ml 
Q 



S 10 wherein, R 4 and R 5 are each a h ^ 

5 at h ^drocarbon group of ! to 20 carbon 

- atoms wh.ch may be substituted or not, and V is 0 , , 

3 Xi > u / 1, 2, or 

The concrete examples of the sin„ 

Slllcon compounds ( C ) useful 
for the present invention include- 

15 r )3siocH3 ' <c — 3)2 , (CH3)3Si0C2H5 , (CH3)2S1(OCjHs)2 
; : r oc2Hs - ( c iH5)3SioC6Hs , (ceH5l2Si(OC6Hs)a> 

C 6H5 s 1( OC„ 3) 3, C„3S i( OC 2Hs)3 , 
CH3S i( OC 6 H 5)3 , C 6Hs S i( OC 5 H 5)3 , 

3J 2 (OCH 3 ), (C S H 5 ) 2S1 (CH3) (OCHj), 
<C 6 H 5)2 SMOC3„ 9)2 , ( C,„ s)2Si(OC6Hs)2 , (C6H5)2Si(OC8Hi?)2 

<^,)3S i( 0C 6 H 5)2 , ( C 5 H !)2Si( oc 12 „ 25)2 , (Cl2 „ 2s)2Si(OC6Hs)2 
'^..Si.OC.H,,,, ( C3H 5) 3S i0 C„3, ,CH3, 2 S i( OC sHl7)2 , 
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(C 2 H 5 ) 2 Si (OCH 3 ) 2 , (CH 3 ) 2 Si (OC 12 H 25 ) 2 , C 2 H 5 Si (OCH 3 ) 3 , 




Of these compounds, those represented by the general formula 
[V] with R 4 of an aryl group of 6 to 20 carbon atoms are more 
preferable, because of their notable effect of accelerating 
curing of the composition. These compounds include 
phenyltrimethoxysilane, phenylmethyldimethoxysilane, 
phenyldimethylmethoxysilane, diphenyldimethoxysilane , 
diphenyldiethoxysilane and triphenylmethoxysilane . 
Especially, diphenyldimethoxysilane and 

diphenyldiethoxysilane are most preferable, because of their 
low cost and high availability. 

The silicon compound (B2) is incorporated normally at 0.001 
to 50 parts by weight per 100 parts by weight of the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (Al), preferably 0.01 to 20 parts by 
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weight, more preferably 0.1 to 10 parts by weight. The silicon 
compound (B2) , when used in the above range, brings the notable 
effect of accelerating curing of the composition without 
deteriorating hardness and tensile strength of the cured product . 



The curable rubber composition of the present invention (2) 
may be incorporated, as required, with one or more additives 
within limits not detrimental to the object of the present 
invention. These additives useful for the present invention 
include silane coupling agent containing isocyanate group, 
anti-settling agent and leveling agent; cellulose, 
nitrocellulose and cellulose acetate butyrate; resin, e.g., 
alkyd, acrylic, vinyl chloride, chlorinated propylene, 
chlorinated rubber and polyvinyl butyral resin; adhesion 
improver; property adjuster; storage stability improver; 
plasticizer; filler; aging inhibitor; ultraviolet ray absorber; 
metal deactivator; ozone-caused aging inhibitor; light 
stabilizer; amine-based radical chaining inhibitor; 
phosphorus-based peroxide decomposer; lubricant; pigment; and 
foaming agent. 

The silane coupling agent containing isocyanate group can 
improve adhesion strength of the cured silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 



[Other components ] 
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rubber (Al) to an object or base. 

The silane coupling agent containing isocyanate group is a 
compound having a silicon atom containing group with a 
hydrolyzable group bonded to the silicon atom ( hydroly zable 
silicon group) and isocyanate group. The concrete examples of 
the hydrolyzable silicon group are those represented by the 
general formula [III] with X of hydrolyzable group, i.e., hydride, 
halogen, alkoxyl, acyloxy, ketoxymate, amide, acid amide, 
aminoxy, thioalkoxy or amino group. Of these, a silicon group 
having an alkoxyl group, e.g., methoxy or ethoxy, is more 
preferable for speed of hydrolysis. The silane coupling agent 
has preferably 2 or more hydrolyzable groups, more preferably 
3 or more. 

The concrete examples of the silane coupling agent containing 
isocyanate group useful for the present invention include 7 
-isocyanate propyltrimethoxysilane , 7 -isocyanate 
propyltriethoxysilane, 7 -isocyanate 
propylmethyldiethoxysilane and 7 -isocyanate 
propylmethyldimethoxysilane . 

The curable rubber composition (2) of the present invention 
may be further incorporated with a silane coupling agent other 
than the one containing isocyanate group or a tackifier other 
than a silane coupling agent. 
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The silane coupling agents free of isocyanate group useful 
for the present invention include si lanes containing amino group, 
e.g., 7 -aminopropyltrimethoxysilane, 7 
-ami nopropyltriethoxysi lane, 7 
-aminopropylmethyldimethoxysilane , 7 
-aminopropylmethyldiethoxysilane, 7 - (2-aminoethyl ) 
aminopropyltrimethoxysilane, 7 - ( 2-aminoethyl ) 
aminopropylmethyldimethoxysilane, 7 - ( 2-aminoethyl ) 
aminopropyltriethoxysilane, 7- (2-aminoethyl) 
aminopropylmethyldiethoxysilane, 7 
-ureidepropyltrimethoxysilane, N-phenyl- 7 
-aminopropyltrimethoxysilane, N-benzyl- 7 
-aminopropyltrimethoxysilane and N-vinylbenzyl- 7 
-aminopropyltriethoxysilane; 

mercapto-containing silanes, e.g., 7 
-mercaptopropyltrimethoxy silane, 7 
-mercaptopropyltriethoxysilane, 7 
-mercaptopropylmethyldimethoxysilane and 7 
-mercaptopropylmethyldiethoxysilane; 

epoxy-containing silanes, e.g., 7 
-glycidoxypropyltrimethoxysilane, 7 
-glycidoxypropyltriethoxy silane, 7 
-gly cidoxypr opy lme thyl dime thoxy si lane, 
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p- (3, 4-epoxycyclohexyl) ethyltrimethoxysilane and 
P- (3, 4-epoxycyclohexyl) ethyltriethoxysilane ; 

carboxysilanes, e.g., p-carboxyethyltriethoxysilane , 
p-carboxyethylphenylbis (2-methoxyethoxy) silane and 

5 N-p- (carboxymethyl) aminoethyl- 7 
-aminopropyltrimethoxysilane; 

silanes containing a vinyl type unsaturated group, e.g., 
vinyltrimethoxysilane, vinyltriethoxysilane , 7 
5 -methacryloyloxypropylmethyldimethoxysilane and 7 

□ 

LTi 10 -acryloyloxypropylmethyltriethoxysilane; 
S| halogen-containing silanes, e.g., 7 

-chloropropyltrimethoxy silane; and 

silane isocyanurates , e.g., 
tris (trimethoxysilyl) isocyanurate . 
15 The derivatives produced by modifying some of the above may be 
also used as the silane coupling agents. They include 
amino-modified silyl polymer, silylated aminopolymer , 
unsaturated aminosilane complex, phenylaminoal kyl ( long 
chain) silane, aminosilylated silicone, and silylated 
20 polyester. 

The above isocyanate-containing silane coupling agents may 
be used either individually or in combination. 

The isocyanate-containing silane coupling agent is 



E 



o 

□ 
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incorporated normally at 0. 1 to 20 parts by weight per 100 parts 
by weight of the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , preferably 0 . 2 to 15 parts by weight , more preferably 
0.5 to 10 parts by weight. 

The isocyanate-containing silane coupling agent, when 
incorporated in the curable rubber composition (2) of the present 
invention, brings about the effects of significantly improving 
adhesion of the composition to a variety of objects, e.g., 
| 10 inorganicbases of glass, aluminum, stainless steel , zinc, copper 

o 

SJ and mortar, and organic bases of vinyl chloride, acrylic resin 

polyester, polyethylene, polypropylene and polycarbonate, in 
the presence or absence of a primer, inter alia more 
significantly in the absence of a primer.. 

For the adhesion improvers, the commonly used adhesives, 
silane coupling agents (e.g., aminosilane and epoxysilane 
compounds) and others may be used. The concrete examples of 
the adhesion improvers include phenol resin, epoxy resin, 7 
-aminopropyl trimethoxy silane, N- (0-aminoethyl ) aminopropyl 
methyldimethoxy silane, coumarone/indene resin, rosin ester 
resin, terpene/phenol resin, cc-methyl styrene/vinyl toluene 
copolymer, polyethylmethyl styrene, alkyl titanate, and 
aromaticpolyisocyanate. The adhesion improver is incorporated 
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weight of the sil y l-containing 

eth.lene/a-olefin/non-con^ugated polyene rando m copol yTC r 
rubber <„,, mora preferably 5 to 30 parts by weight. 

The storage stability i mpr0 vers useful for the present 
invention include co,po„„ ds „ ith silicon to uhich , hydrolyzafcle 
.roup is bonded and esters of ortho-organic aoids . The concrete 
examples of the storage stability improvers include 
meth y ltrimethox y silane, meth y ltriethox y silane, tetramethox y 
„ 10 silane, eth y ltrimethox y silane, di m ethyldiethoxy si l ane , 
trimethylisobutoxy silane, trimethyl <n-butox y) silane, 
n-but y ltrimethox y silane, and .ethyl ortho-formate. 

The storage stability i mproV e r ls incorporated preferably 

» ^-"vl-containingethylene/.-olefin/non-coniugatedpolyene 
random copolymer rubber ,A1, , more preferably 1 to 10 parts by 



weight . 



The plastici.er useful for the present invention is also not 
limited, and any comn.only used one may be used. However it 
20 is preferably the one compatible „ith each component for the 
curable rubber composition ,2, of the present invention. 
The concrete examples of these plasticizers include: 
bydrocarbon-based compounds, e.g. , polybutene , hydrogenated 
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PolVbutene, e th y lsne/d - olef in co . oligo ^ ^ 
0U 90mer , biphenyl , triphenyii dimetha ^ 

tri Ph en yl , liquid polybutadiene , hydrogenated ^ 

ter-p he „ yl , paraffin Qil , naphthene ^ d 

polypropylene; 

parafin chlorides; 

phthalate esters ^ rr ^-su *. -. 

' 6 - g - dlbut ^Phthalate, diheptyl phthalate 

dK2-ethylhexyl) phthalate, butyl benzyl D hi-h i 
- Y Denz y 1 Phthalate and bytvl 

m 10 phthalyl butyl glycolate; 

y non-aromatic, dibasic acid ester, = 

H testers, e.g., dioctyl adipate and 

W dioctyl cebacate; 

esters of polyalkylene gl yco i e „ , . 

9 ycoi, e.g., dxethylene glycol 

dibenzoate and tripfh»i^ 

ethylene glyCo1 di benzoate; and 

15 Phosphate esters ^ rr «- ■ 

:s ' e -g-, tricresvl nhn^h^o 

y-L pnosphate and tributyl 

phosphate. 

<* these, saturated hydrocarbon _ fcased compQunds ^ 

preferable - They »y be — * ither in dlvidually or in 

combination. 

Of the a b ove- d e S c ribed compounds , hydcocarbon _ based 

° f grou P , 
Polyene, hy drogenated liquid polybutadiane< ^ 

Athene oU an d atactic polypropylene , are _ 
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for various reasons, e.g., high compatibility with each 
component for the rubber composition of the present invention, 
limited effects on curing speed of the rubber composition, good 
resistance to weather of the cured product, and cheapness. 

The plasticizer may be used in place of the solvent during 
the process of introducing a hydrolyzable silyl group into the 
above -de scribed ethylene /cc-olef in/non- con j uga ted polyene 
randomcopolymer rubber (A 0 ) , for the purposes of, e.g., adjusting 
reaction temperature and viscosity of the reaction system. 

The plasticizer is incorporated preferably at about 10 to 
5 00 parts by weight per 100 parts by weight of the silyl -containing 
ethylene/a-olef in/non-con j ugated polyene random copolymer 
rubber (Al), more preferably about 20 to 300 parts. 

The concrete examples of the fillers described above include 
wood powder, pulp, cotton chips, asbestos, glass fibers, carbon 
fibers, mica, walnut shell powder , graphite, diatomaceous earth , 
white clay, fumed silica, settling silica, silicic anhydride, 
carbon black, calcium carbonate, clay, talc, titanium oxide, 
magnesium carbonate, quartz, f ine aluminum powder , flint powder, 
and zinc powder. Of these, more preferable ones are thixotropic 
fillers, e.g., settling silica, fumed silica and carbon black; 
and calcium carbonate, titanium oxide and talc. 

The filler, when used, is incorporated preferably at about 
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10 to 500 parts by weight per 100 parts by weight of the 
silyl -containing ethylene/a-olef in /non-con j ugated polyene 
random copolymer rubber (Al), more preferably about 20 to 300 
parts by weight. 

The aging inhibitors useful for the present invention include 
commonly used known sulfur-based ones, radical inhibitors and 
ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans, salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulf ides , dithiocarboxylates, thioureas , thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
monothio acids, polythio acids, thioamides, and sulfoxides. 

More concretely, the sulfur-based aging inhibitors include: 

mercaptans, e.g. , 2-mercaptobenzothiazole; 
salts of mercaptans , e.g., zinc salt of 2-mercaptobenzothiazole ; 

sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 
4,4' -thio-bis ( 2 -methyl -6- t -butyl phenol) , 
2,2' -thio-bis ( 4 -methyl- 6-t-butyl phenol) , 
bis (3-methyl-4-hydroxy-5-t-butylbenzyl ) sulfide, 
terephthaloyl di (2, 6-di-methyl-4-t-butyl-3-hydroxybenzyl ) 
sulfide, phenothiazine, 2, 2' -thio-bis- ( 4-octyl phenol ) nickel, 
dilauryl thiodipropionate, distearyl thiodipropionate , 
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dimyristyl thiodipropionate, ditridecyl thiodipropionate , 
distearyl P,(3' -thiodibutyrate , lauryl-stearyl thiodipropionate 
and 2, 2-thio [diethyl -bis- 3 (3, 5-di-t-butyl-4-hydroxy 
phenol) propionate] ; 

polysulf ides , e.g., 2-benzothiazole disulfide; 

dithiocarboxylates, e.g., zinc dibutyldithiocarbamate , zinc 
die thyldithio carbamate , nickel dibutyldithiocarbamate, zinc 
di-n-butyldithiocarbamate , dibutyl ammonium 

dibutyldithiocarbamate, zinc ethyl-phenyl-dithiocarbamate and 
zinc dimethyl carbamate ; 

thioureas, e.g. , l-butyl-3-oxy-diethylene-2-thiourea , 
di-o-tolyl-thiourea and ethylene thiourea; and 

thiophosphates , e.g. , trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the curable rubber 
composition of the present invention, controlling the problems, 
e.g., residual surface tackiness. 

The radical inhibitors useful for the present invention 
include phenol-based ones, e.g., 

2 , 2-methylene-bis ( 4-methyl-6-t-butyl phenol) and 

tetrakis [methylene- 3- ( 3 , 5-di-t-butyl-4-hydroxyphenyl ) propio 

nate] methane; and amine-based ones, e.g., 
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phenyl ~p-naphthylamine , a-naphthylamine and 

N, N' -sec-butyl-p-phenylenediamine, phenothiazine and 

N, N' -diphenyl-p-phenylenediamine . 

The ultraviolet ray absorbers useful for the present invention 
include 2- (2' -hydroxy-3' , 5' -di-t-butylphenyl ) benzotriazole 
and bis (2, 2, 6, 6-tetramethyl-4 -piper idine ) cebacate. 

The aging inhibitor is incorporated at about 0.1 to 20 parts 
by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olef in/non-con j ugated polyene random copolymer 
rubber (Al), preferably 1 to 10 parts by weight. 

The curability improving effect by the combination of the 
tetravalent tin compound (C) and silicon compound (B2), 
represented by the general formula [V] , for the present invent ion 
is similarly observed, irrespective of the presence or absence 
of the isocyanate-containing silane coupling agent, which is 
used for the present invention as required. 

Improvement of curability is also observed, when various 
additives described above are incorporated. More concretely, 
the curable rubber composition (2) of the present invention can 
be cured notably faster if incorporated with the above-described 
additives, when the composition (2) is used as an elastomer 
sealant for construction, and sealant for laminated glass and 
electric/electronic device members, e.g., back side of a solar 
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cell; electrical insulator for insulating coatings of wires and 
cables; tackifier and adhesive; and sealant that makes the edge 
(cut section) of net-reinforced or laminated glass 
rust-preventive and water-proof. 

Curable rubber composition (2) and its uses 
The curable rubber composition (2) of the present invention 
contains the curable composition with the hydrolyzable 
silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber as the component (Al ) . More concretely, 
it contains the organic polymer (Z) containing the hydrolyzable 
silyl group represented by the general formula [III] and 
essentially no unsaturated double bonds in the main chain, a 
tetravalent tin compound (C) , a specific silicon compound (Bl) , 
and, as required, a silane coupling agent containing isocyanate 
group. It can be suitably used for electric/electronic device 
members, transportation machines, and civil 

engineering/construction, medical and leisure areas, as 
described earlier . 

The curable rubber composition (2) of the present invention 
can be used as a sealant, a potting agent, a coating material 
or an adhesive for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas. 



154 



SF-768 

Curable composition (3) 

The curable composition (3) of the present invention contains 
( a ) the silyl -containing ethylene /a-ole fin /non-con j ugated 
polyene random copolymer rubber (Al) and (b) a silicon compound 
(B3) having at least one amino group and at least one 
trialkylsiloxy group in the molecule. 

The silyl -containing ethylene /a-ole f in /non- con j ugated 
polyene random copolymer rubber (Al) as the component (a) has 
an intrinsic viscosity [r|] of around 0.001 to 2dl/g, preferably 
0.01 to ldl/g, more preferably 0.05 to ldl/g, still more 
preferably 0.05to0.7dl/g, still more preferably 0.1 to 0. 5dl/g. 
It is recommended that the copolymer rubber has at least 0.1 
reactive silicon group per the polymer molecule, preferably 0 . 5 
to 20. When the number of the reactive silicon group present 
in the molecule is less than 0.1, the copolymer rubber will be 
insufficient in curability. When it is excessively large, on 
the other hand, the copolymer rubber cannot have good mechanical 
properties, because of the resultant excessively tight network 
structure . 

[Silicon compound (B3) ] 
The silicon compound (B3) for the present invention having 
at least one amino group and at least one trialkylsiloxy group 
in the molecule is represented by the following general formula: 
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wherein, Y d is an alkyl group having an amino group; R 1 is an 
alkyl group of 1 to 20 carbon atoms, aryl group of 6 to 20 carbon 
atoms, aralkyl group of 7 to 20 carbon atoms, or t riorganosiloxy 
group represented by the formula R 5 3 SiO- (wherein, R 5 is a 
monovalent hydrocarbon group of 1 to 20 carbon atoms, three R 5 ' s 
may be the same or different) , which may be the same or different 
when there are 2 or more R x 's; X is a hydroxyl group, a similar 
or dissimilar hydrolyzable group or the group represented by 
-0-SiQ 3 , wherein Q is a group selected from the group consisting 
of hydroxyl, similar or dissimilar hydrolyzable group, a 
monovalent organic group of 1 to 20 carbon atoms, which may be 
substituted or not substituted and t riorganosiloxy ; and contains 
at least one hydroxyl, or a similar or dissimilar hydrolyzable 
group; R 2 , R 3 and R 4 are each an alkyl group of 1 to 6 carbon 
atoms or phenyl group, which may be substituted or not 
substituted; and "c" is an integer of 0 to 2 and "d" and xx e" 
are 1 or 2, respectively. 

The examples of these compounds include 7 
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-aminopropyltrimethylsiloxydiethoxysilane, 
N- ((3-aminoethyl) - 7 

-aminopropyltrimethylsiloxydimethoxysilane, 
N- (P-aminoethyl) - 7 

-aminopropyltrimethylsiloxymethylmethoxysilane, 
diethylenetriaminopropyltrimethylsiloxydimethoxysilane, 

N, N-dimethyl- 7 
-aminopropyltrimethylsiloxydimethoxysilane . The 

above-described compound can be easily synthesized by reacting 
5 10 a silicon compound having at least one amino group and at least 
one hydrolyzable group in the molecule with a trialkylsilanol 
D compound. 

w 

O The examples of the silicon compounds having at least one 

amino group and at least one hydrolyzable group in the molecule 
15 include, but not limited to, 7 -aminopropyltriethoxylsilane 
(Nippon Unicar Co., Ltd., A-1100), N- ( p-aminoethyl )- 7 
-aminopropyltrimethoxysilane (Nippon Unicar Co . , Ltd., A-1120), 
N- ( p-aminoethyl) - 7 -aminopropylmethyldimethoxysilane 
(Shin-Etsu Chemical Co., Ltd., KBM-602), 
20 diethylenetriaminopropyltrimethoxysilane (Nippon Unicar Co . , 
Ltd., A-1130) , N, N-dimethyl- 7 -aminopropylt rimethyoxy 
silane (Chisso, D5200), N,N'-bis[7 
■ -trimethoxysilylpropyl] ethylenediamine (Chisso, XS1003), 



157 



SF-768 



N-benzyl- 7 -aminopropyltrimethoxysilane (Shin-Etsu Chemical 
Co., Ltd., X-12-512), and N-phenyl-T 

-aminopropyltrimethoxysilane (Shin-Etsu Chemical Co., Ltd., 
KBM573) . 

The examples of the trialkyl silanol compounds include, but 
not limited to, trimethyl silanol , triethyl silanol and triphenyl 
silanol . 

[Other components] 

The curable composition (3) of the present invention may be 
incorporated, as required, with one or more plasticizers of 
various types. The plasticizer ( s ) can give good results, when 
incorporated at 0 to 300 parts by weight as the total quantity 
per 100 parts by weight of the silyl-containing 
ethylene/a-olef in/non-con jugated polyene random copolymer 
rubber (Al) . The improvement effect will be rarely observed, 
when the total quantity of plasticizer ( s ) exceeds 300 parts, 
because of excessive content of the liquid component. 

The plasticizers useful for the present invention include 
phthalate esters, e.g., those of dioctyl phthalate, diisodecyl 
phthalate, dibutyl phthalate and butyl benzyl phthalate; epoxy 
plasticizers, e.g., epoxidized soybean oil, epoxidized linseed 
oil and benzyl epoxystearate ; polyester-based plasticizers, 
e.g., polyesters of a dibasic acid and divalent alcohol; 
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polyethers, e.g., polypropylene glycol and derivatives thereof ; 
hydrocarbon-based plasticizers, e.g., polybutene, 
ethylene/a-olef in oligomer, polystyrene, a-methyl styrene 
oligomer, biphenyl, triphenyl, triaryl dimethane, alkylene 
5 triphenyl, liquid polybutadiene , hydrogenated liquid 
polybutadiene, alkyl diphenyl, partially hydrogenated 
ter-phenyl, paraffin oil, naphthene oil and atactic 
M- polypropylene; and polychloroprene, polyisoprene and 

O chlorinated paraffins. These compounds may be used either 

Sf 

9 10 individually or in combination of any form. 

y 2 

y These compounds may be used either individually or in 

□ combination. Of these, the hydrocarbon-based compounds free 

r, - 

yy 

□ of unsaturated group (e.g., hydrogenated polybutene, 

H 

D hydrogenated liquid polybutadiene, paraffin oil, naphthene oil 

ry 

15 and atactic polypropylene) are more preferable, because they 
are well compatible with various components for the curable 
composition (3) of the present invention, affecting curing speed 
of the rubber composition to only a limited extent, giving the 
cured product of high resistance to weather, and inexpensive. 

20 The above plast ici zer may replace the solvent used when a reactive 
silicon group is introduced in the saturated hydrocarbon-based 
polymer, in order to adjust reaction temperature and viscosity 
of the reaction system. 
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The composition (3) of the present invention may be 
incorporated with a silanol condensing catalyst, in order to 
accelerate the reactions of the hydrolyzable silyl group. 

The concrete examples of the silanol condensing catalysts 
useful for the present invention include titanate esters, e.g. , 
those of tetrabutyl titanate and tetrapropyl titanate; organotin 
compounds, e.g., dibutyl tin dilaurate, dibutyl tin maleate, 
dibutyl tin diacetate, tin octylate, tin naphthenate, product 
of the reaction between dibutyl tin oxide and phthalate ester, 
and dibutyl tin diacetylacetonate; organoaluminum compounds, 
e.g., aluminum trisacetylacetonate , aluminum 
trisethylacetoacetate and diisopropoxy aluminum 
ethylacetoacetate; products by the reactions between a bismuth 
salt and organocarboxylic acid, e.g., 

bismuth-tris (2-ethylhexoate) and bismuth-tris (neodecanoate) ; 
chelate compounds, e.g., zirconium tetraacetylacetonate and 
titanium tetraacetylacetonate; organolead compounds, e.g., 
lead octylate; organovanadium compounds, amine-based compounds , 
and salts of these compounds and carboxylates , e.g., butylamine, 
octylamine, dibutylamine , raonoethanolamine , diethanol amine , 
triethanol amine, di ethyl enet riamine, triethylenetetramine , 
o ley 1 amine, cyclohexyl amine, benzylamine, 

diethylaminopropylamine, xylylenediamine, t riethylenediamine , 
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guanidine, diphenylguanidine , 

2, 4, 6-tris (dimethylaminomethyl ) phenol, morpholine, N-methyl 
morpholine, 2-ethyl-4-methylimidazole and 
1, 8-diazabicyclo (5, 4, 0) undecene-7 (DBU); 
5 low-molecular-weight polyamide resins produced by the reactions 
between excessive quantities of polyamines and polybasic acids ; 
and products of the reactions between excessive quantities of 
(j. polyamines and epoxy compounds. The silanol condensing 

3 catalysts useful for the present invention are not limited to 

SI 

the above, and include the commonly used condensing catalysts. 
These silanol condensing catalysts may be used either 
individually or in combination. Of these silanol condensing 
catalysts, more preferable ones are organometal compounds, and 
combinations of organometal compounds and amine-based compounds , 
viewed from curability of the composition. 

The silanol condensing catalyst is incorporated preferably 
at about 0.1 to 50 parts by weight per 100 parts by weight of 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (Al), more preferably 0.2 to 20 parts 
by weight . It is undesirable that the catalyst content relative 
to the copolymer rubber (Al) is below the above range, because 
of insufficient curing speed and insufficient extent of the 
curing reaction, and beyond the above range is also undesirable, 
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because of local heating or foaming occurring during the curing 
process to make it difficult to produce the cured product of 
good properties. 

The composition (3) of the present invention may be adequately 
incorporated, as required, with various additives, e.g., 
dehydrator, compatibilizer, adhesion improver, property 
adjuster, storage stability improver, filler, aging inhibitor, 
ultraviolet ray absorber, metal deactivator, ozone-induced 
aging inhibitor, light stabilizer, amine-based radical chaining 
inhibitor, phosphorus-based peroxide decomposer, lubricant, 
pigment, foaming agent, flame retardant, anti-static agent, and 
silane compound. 

The adhesion improvers useful for the present invention 
include commonly used adhesives, silane coupling agent s , e.g., 
aminosilane compounds and epoxysilane compounds; and others. 
The concrete examples of these adhesion improvers include 
phenolic resin, epoxy resin, 7 -aminopropyl trimethoxysilane, 
N- (p-aminoethyl) aminopropyl methyldimethoxysilane , 
coumarone/indene resin, rosin ester resin, terpene/phenol resin, 
oc-methyl styrene/ vinyl toluene copolymer, polyethylmethyl 
styrene, alkyl titanates, and aromatic polyisocyanate . The 
adhesion improver is incorporated preferably at about 1 to 50 
parts by weight per 100 parts by weight of total of the components 
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(Al) and (B3), more preferably 5 to 30 parts by weight. 

The storage stability improvers useful for the present 
invention include compounds with silicon to which a hydrolyzable 
group is bonded and esters of ortho-organic acids . The concrete 
5 examples of the storage stability improvers include 

methyltrimethoxy silane, methyltriethoxy silane, tetramethoxy 
silane, ethyltrimethoxy silane, dimethyldiethoxy silane, 
* trimethylisobutoxy silane, trimethyl (n-butoxy) silane, 

i n-butyltrimethoxy silane, and methyl ortho-formate. 

4 

I 10 The concrete examples of the fillers include wood powder, 

pulp, cotton chips, asbestos, glass fibers, carbon fibers , mica, 
walnut shell powder, rice hull powder, graphite, diatomaceous 



earth, white clay, fumed silica, settling silica, silicic 
□ anhydride, carbon black, calcium carbonate , clay, kaolin, talc, 

15 titaniumoxide, magnesium carbonate , quartz powder , glass beads, 
fine aluminum powder, flint powder, and zinc powder. Of these, 
more preferable ones are thixotropic fillers, e.g., settling 
silica, fumed silica and carbon black; and calcium carbonate, 
titanium oxide and talc. They may be used either individually 
20 or in combination. 

The aging inhibitors useful for the present invention include 
commonly used known ones, e.g., sulfur-based ones, radical 
inhibitors and ultraviolet ray absorbers. 
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The sulfur-based aging inhibitors useful for the present 
invention include mercaptans, salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes, thioketones, mercaptals, 
mercaptols, monothio acids, polythio acids, thioamides, and 
sulfoxides. More concretely , the sulfur-based aging inhibitors 
include mercaptans, e.g., 2-mercaptobenzothiazole; salts of 
mercaptans, e.g., zinc salt of 2-mercaptobenzothiazole; 
sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol ) , 
4,4' -thio-bis ( 2-methyl- 6-t-butyl phenol) , 
2, 2' -thio-bis ( 4 -methyl- 6-t-butyl phenol) , 
bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
terephthaloyldi (2, 6-dimethyl-4 -t-butyl-3-hydroxybenzyl ) 
sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
dilauryl thiodipropionate , distearyl thiodipropionate, 
dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl p,p' -thiodibutyrate , lauryl-stearyl thiodipropionate 
and 2, 2-thio [diethyl-bis-3- (3, 5-di-t-butyl-4-hydroxy 
phenol) propionate] ; polysulfides, e.g., 2-benzothiazole 
disulfide; dithiocarboxylates, e.g., zinc 

dibutyldithiocarbamate, zinc diethyldithiocarbamate , nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
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dibutyl ammonium dibutyldithiocarbamate , zinc 
ethyl-phenyl-dithiocarbamate and zinc 
dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 
5 ethylene thiourea; and thiophosphates, e.g., 
trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
»* decomposition/aging of the main chain under heating much more 

p 

□ efficiently than the other types for the composition (3) of the 

SI 

° 10 present invention, controlling the problems, e.g., residual 
y surface tackiness. 

The radical inhibitors useful for the present invention 
include phenol-based ones, e.g., 

2, 2-methylene-bis (4-methyl-6-t-butyl phenol) and 
tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propio 

nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, a-naphthylamine, 
N, N' -sec-butyl-p-phenylenedi amine, phenothiazine and 
N, N' -diphenyl-p-phenylenediamine . 

The ultraviolet ray absorbers useful for the present invention 
include 2-(2'-hydroxy-3' , 5' -di-t-butylphenyl) benzot riazole 
and bis (2,2, 6, 6-tetramethyl-4-piperidine) cebacate. 

The curable composition (3) of the present invention may be 
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incorporated with a polymer having a reactive silicon group other 
than the component (a) the ethylene/ct-olef in/non-con jugated 
polyene random copolymer rubber containing a hydrolyzable silyl 
group (Al), e.g., polydimethyl siloxane. 

The method of producing the composition (3) of the present 
invention, composed of (a) the hydrolyzable silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 
M- rubber (Al) and (b) the silicon compound (B3) , is not limited. 

More concretely, the component (b) is incorporated and uniformly 
dispersed in the component (a) while adequately controlling the 
conditions, e.g., stirring conditions, if required. These 
components may be also mixed with each other by a mixer, roll 
or kneader. 

The composition thus prepared is applicable to one-liquid 
type curable composition, to say nothing of two-liquid type. 
For the one-liquid type, the composition of the present invention 
is prepared in an essentially moisture-free condition. It can 
withstand storage for extended periods when kept in a closed 
condition, and quickly starts curing from the surface when 
20 exposed to the atmosphere. 

The curable composition (3) of the present invention is useful 
as an elastomer sealant for building structures, civil 
engineering works, and other industrial areas , and also can find 



166 




10 

m w 



SF-768 



use as paints, adhesives, impregnating agents and coating 
materials . 

Curable rubber composition (3) and i ts uses 
The curable rubber composition (3) of the present invention 
5 contains the curable composition with the hydrolyzable 
silyl-containing ethylene/cc-olef in/non-con jugated polyene 
random copolymer rubber as the component ( Al ) . More concretely, 

y* it contains 

Ci 

□ (a) the organic polymer (Z) and 

%! 

(b) the silicon compound having at least one amino group and 
at least one trialkylsiloxy group in the molecule (B3) , and is 
suitably used for electric/electronic device members, 
O transportation machines, and civil engineering/construction, 

medical and leisure areas, as described earlier. 

The curable composition (3) of the present invention can be 
used as sealants, pott ing agents , coat ing materials or adhesives 
for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

In other words, the present invention provides sealants, 
potting agents, coating materials and adhesives, composed of 
the curable composition which comprises (a) the organic polymer 
(Z) and (b) the silicon compound having at least one amino group 
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and at least one trialkylsiloxy group in the molecule (B3) . 

Curable composition (4) 
The curable composition (4) of the present invention contains 
(a ) the silyl -containing ethylene /a-olef in /non-con j ugated 
polyene random copolymer rubber (Al) and (b) an organosilicon 
compound (B4 ) . 

[Organosilicon compound. (B4)] 
The organosilicon compound (B4) for the present invention 
is represented by the following general formula [VI] : 

(R 2 (CH 3 ) 2 SiO) n R 1 [VI] 
wherein, R 1 is an alcohol residue or weak acid residue; R 2 is 
methyl or vinyl group; and xx n" is a positive integer. 

R 1 in the general formula [VI] is preferably a mono- to 
tri-valent alcohol residue or a weak acid residue, wherein the 
term alcohol residue means a monovalent or polyhydric alcohol 
partly or totally left by its hydroxyl group, while weak acid 
residue means a monovalent or polyvalent weak acid partly or 
totally left by its hydroxyl group . The residue may be a compound 
simultaneously having hydroxyl group and a weak acid group (e.g. , 
carboxyl) partly or totally left by its hydroxyl group. 

The concrete examples of alcohols and weak acids which can 
be represented by R 1 include aliphatic alcohols of 30 or less 
carbon atoms, which may be substituted or not substituted, e.g., 
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□ 



methanol, ethanol, n-butanol, i-butanol, n-pentanol, 
i-pentanol, ethylene chlorohydrin, benzyl alcohol, 
cyclohexanol, 3-chloropropanol , ethylene glycol , propanediol, 
propylene glycol, butanediol, glycerin and acetylacetone 
(tautomers) ; aromatic hydroxy compounds of 6 to 30 carbon atoms, 
whichmaybesubstitutedornotsubstituted, e.g., phenol, cresol, 
chlorophenol, bisphenol A, naphthol, hydroquinone and 
hydronaphthoquinone; aliphatic and aromatic carboxylic acids 
3 0 f 30 or less carbon atoms, which may be substituted or not 

| 10 substituted, e.g. , formic, acetic, propionic, butyric, valeric, 
3 capric, caproic, lauric, palmitic, stearic, oleic, 

b heptacosanoic, behenic, melissic, acrylic, undecylenic, sorbic, 

O linolic, linolenic, arachidonic, propiolic, stearolic, oxalic, 

Ionic, succinic, glutaric, adipic, maleic, fumaric, itaconic, 
15 benzoic, phthalic, terephthalic, trimellitic, chlorobenzoic, 
toluyl, oxypropionic, oxybenzoic and oxytoluyl acids; 
diethylene glycol, triethylene glycol, polyethylene glycol, 
polypropylene glycol , polybutadiene having hydroxyl or carboxyl 
group, hydrogenated polybutadiene having hydroxyl or carboxyl 
20 group, polyethylene terephthalate and polybutylene 

terephthalate having hydroxyl and/or carboxyl group; and 
inorganic acids, e.g., boric and carbonic acids. 

Of these alcohols and weak acids, the organic compounds are 
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preferably free of hetero atoms other than oxygen and halogen. 

The organosilicon compound (B4) having phenyl group as R 1 , 
which may be substituted or not substituted, is particularly 
preferable, because of its wide availability and good effects 
it brings. 

The weak acid in this specification is defined as the acid 
having a pKa of 1 or more, preferably 2 or more, more preferably 
3 or more, when dissolved in water. 

R 2 in the general formula [VI] is methyl or vinyl (CH 2 =CH-) 
group. Any other group is not desirable for R 2 , because it may 
not sufficiently achieve the objects of the present invention. 
Methyl group is more preferable, because of its wider 



y 

□ availability. 



15 



The concrete examples of the suitable organosilicon compounds 
(B4) include CH 3 OSi (CH 3 ) 3, CH 3 CH 2 OSi ( CH 3 ) 3 , ClCH 2 CH 2 OSi (CH 3 ) 3 , 
CH 3 - CH - OSi(CH 3 ) 3 , CH 3 CHCH 2 OSi(CH 3 ) 3 , 



CH 3 CI 
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OSi(CH 3 ) 3 f 
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OSi(CH 3 ) 3 , (CH 3 ) 3 SiO(CH 2 ) 2 OSi(CH 3 ) 3 



CI 



(CH 3 ) 3 SiOCH 2 CH - OSi(CH 3 ) 3 
CH 3 



(CH 3 ) 3 SiOCH 2 CH 2 OCH 2 CH 2 OSi (CH 3 ) 3 , (CH 3 ) 3 SiO (CH 2 CH (CH 3 ) 0) 2 Si (CH 3 ) 3 , 
(CH 3 ) 3 SiO (CH 2 CH 2 0) 3 Si (CH 3 ) 3, (CH 3 ) 3 SiO (CH 2 CH (CH 3 ) O) 3 Si (CH 3 ) 3 , 
( (CH 3 ) 3 SiO) 3 CCH 2 CH 3 , (CH 3 ) 3 SiOCH 2 CH 2 OCH 2 CH 2 CH 3 , 
(CH 3 ) 3 SiO (CH 2 ) 4 OSi (CH 3 ) 3 , p- (CH 3 ) 3 SiOC 6 H 4 OSi (CH 3 ) 3 , 



(CH 3 ) 3 SiO 




t X 



C(CH 3 ) 2 




OSi(CH 3 ) 3 , 



20 (CH 3 ) 3 SiOCOCH 3 , (CH 3 ) 3 SiOCOCH 2 CH 2 CH 2 CH 2 COOSi (CH 3 ) 3 , 



(CH 3 ) 3 SiO - CO 
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(CH 3 ) 3 SiOC (CH 3 ) =CHCOCH 3 , 
OSi(CH 3 ) 3 




COOH 

( (CH 3 ) 3 SiO) 3 B, 
( (CH 3 ) 3 SiO) 2 CO, 
ClCH 2 CH 2 OSi (CH 3 ) 2 C 2 H 3 , 

CI 
I 

CH 3 CHCH 2 OSi(CH3) 2 C 2 H 3 , 



o 



OSi(CH 3 ) 2 C 2 H 3 , 



OSi(CH 3 ) 2 C 2 H 3 , 

CH^ 



v V- OSi(CH 3 ) 2 C 2 H 3 , 




CI 

C 2 H 3 (CH 3 ) 2 SiO (CH 2 ) 2 OSi (CH 3 ) 2 C 2 H 3 , 



C 2 H 3 (CH 3 ) 2 SiO-CO-^Q) 
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Of these compounds, more preferable ones are those having 
a molecular weight of 140 or more, still more preferably 150 
or more, viewed from improvement in modulus and elongation . The 
most preferable one is 



20 



O-osi 



(CH 3 ) 3 



because of its wider availability. The upper limit of the 
molecular weight of the organosilicon compound (B4) is not 
limited, but it is preferably 5,000 or less, more preferably 

2,000 or less. 

Content of the organosilicon compound (B4) should be 
adeguately selected for the specif ic properties the cured product 
is expected to have. It is incorporated normally at 0.1 to 50 
parts by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (Al), preferably 1 to 20 parts by weight. 

The organosilicon compound (B4) is hydrolyzed while the 
composition is cured to form the silanol compound, which reacts 
with the hydrolyzable silyl group --^hydrolyzed hydrolyzable 
group in the copolymer rubber (Al) . 

The method of mixing the silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 



173 




SF-768 



rubber (Al) and organosilicon compound (B4) with each other is 
not limited, so long as the component (B4) is uniformly dissolved 
or dispersed in the component (Al) by carefully setting the 
conditions, e.g., temperature and stirring conditions, as 
5 required. In this case, the composition may not be necessarily 
transparent completely, and can sufficiently achieve the 
objectives even when it is not transparent, so long as the 
M composition (B4) is dispersed almost uniformly. A 

dispersibility improver, e.g., surfactant, may be used, as 
rS 10 required. 

y 3 

JTJ [Other components] 

p The curable composition (4) of the present invention may be 

U 

p incorporated, as required, with various additives, e.g., white 

H 

carbon, carbon black, calcium carbonate, titanium oxide, talc, 



O 



Si 



15 asbestos and glass fibers, which serve, e.g., as a reinforcing 
or non-reinforcing filler, a plasticizer, an antioxidant, an 
ultraviolet ray absorber, a pigment, or a flame retardant, to 
be useful as adhesives, tackifiers, paints, sealant compositions, 
waterproof materials, spray materials, shaping materials or 

20 casting rubber materials. Of these, application to sealant 
compositions is especially useful. 

The curable composition (4) of the present invention, when 
used as a sealant, may be incorporated, as required, with a 
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plasticizer, filler, reinforcing agent, dripping inhibitor, 
colorant, aging inhibitor, adhesion promoter, curing catalyst 
or property adjuster. 

The plasticizers useful for the present invention include 
phthalate esters, e.g., those of dibutyl phthalate, diheptyl 
phthalate, di (2-ethylhexyl) phthalate, butyl benzyl phthalate 
and butyl phthalyl butyl glycolate; non-aromatic, dibasic acid 
esters, e.g., those of dioctyl adipate and dioctyl cebacate; 
esters of polyalkylene glycol, e.g., those of diethylene glycol 
dibenzoate and triethylene glycol dibenzoate; phosphate esters, 
e.g., those of tricresyl phosphate and tributyl phosphate; 
chlorinated paraffins; and 

hydrocarbon-based compounds, e.g., alkyl diphenyl, 
polybutene, hydrogenated polybutene, ethylene/a-olef in 
oligomer, a-methyl styrene oligomer, biphenyl, triphenyl, 
triaryl dimethane, alkylene triphenyl, liquid polybutadiene, 
hydrogenated liquid polybutadiene, paraffin oil, naphthene oil 
and atactic polypropylene. The above compound is selected, 
depending on specific purposes, e.g., adjustment of 
characteristics and properties. They may be used either 
individually or in combination, although not necessarily 
essential. The plasticizer may be incorporated, while the 
polymer is produced. 
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Of these, the hydrocarbon-based compounds free of unsaturated 
groups (e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene) are more preferable, because they are well 
compatible with various components for the composition (4) of 
the present invention, affecting curing speed of the composition 
to only a limited extent, giving the cured product of high 
resistance to weather, and inexpensive. 

The above plasticizer may replace the solvent used when the 
reactive silicon group is introduced in the saturated 
hydrocarbon-based polymer, to adjust reaction temperature and 
viscosity of the reaction system. 

The fillers and reinforcing agents useful for the present 
invention include limestone powder and calcium carbonate; 
calcium carbonate surface-treated with a fatty acid, a resin 
acid, or a cationic or anionic surfactant; magnesium carbonate; 
talc; titanium oxide; barium sulfate; alumina; powder of metal 
(e.g., aluminum, zinc or iron); bentonite; kaolin clay; fumed 
silica; quartz powder; and carbon black. These are the common 
ones, and one or more of these compounds may be used. Of these, 
the filler or reinforcing agent capable of imparting transparency , 
e.g., fumed silica, can give the sealant with high transparency . 
The dripping inhibitors useful for the present invention 
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include a hydrogenated castor oil derivative; and metal lie soaps, 
e.g., calcium stearate, aluminum stearate and barium stearate . 
A dripping inhibitor may not be necessary, depending on purposes 
of the curable composition, and a filler or a reinforcing agent 
5 incorporated. 

The colorants useful for the present invention include the 
common inorganic and organic pigments, and dyes, each of which 

\+ may be used, as required. 

□ 

□ The property adjusters useful for the present invention 

M 

Q 10 include various silane coupling agents: such as alkyl alkoxy 

Ui 

R silanes, e.g., methyltrimethoxy silane, dimethyldimethoxy 

JU silane, and n-propyltrimethoxy silane; alkyl isopropenoxy 

yj 

p silane, e.g., dimethyldiisopropenoxy silane, 

C| methyltriisopropenoxy silane and 7 

ru 

15 -glycidoxypropylmethyldiisopropenoxy silane; alkoxy silanes 
having a functional group, e.g., 7 
-glycidoxypropylmethyldimethoxy silane, 7 

-glycidoxypropyltrimethoxy silane, vinyl trimethoxy silane, 7 
-aminopropyltrimethoxy silane, N- (p-aminoethyl ) 
20 aminopropylmethyldimethoxy silane, 7 

-mercaptopropyltrimethoxy silane and 7 

-mercaptopropylmethyldimethoxy silane; silicone varnishes; and 
polysiloxanes . 
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The above property adjuster can increase hardness, or decrease 
hardness and increase elongation of the curable composition (4) 
of the present invention, when it is cured. 

Use of an adhesion promoter is not essential, because the 
polymer of the present invention itself is adhesive to glass, 
other ceramic materials and metals, and adhesive to materials 
in a wider range in the presence of a varying primer. However, 
the composition can have improved adhesion to materials in a 
still wider range, when incorporated with one or more types of 



O 10 epoxy resin, phenolic resin, various silane coupling agents, 

m 

alkyl titanate or aromatic polyisocyanate . 



The curing catalysts useful for the present invention include : 
titanate esters, e.g., those of tetrabutyl titanate and 
□ tetrapropyl titanate; organotin compounds, e.g., dibutyl tin 

dilaurate, dibutyl tin maleate, dibutyl tin diacetate, tin 
octylate and tin naphthenate ; lead octylate; amine-based 
compounds and salts of these compounds and carboxylates, e.g., 
butylamine, octylamine, dibutylamine , monoethanolamine , 
diethanolamine, triethanolamine, diethylenetriamine, 
triethylenetetramine, oleylamine, octylamine, cyclohexylamine , 
benzylamine, diethylaminopropylamine , xylylenediamine, 
triethylenediamine, guanidine, diphenylguanidine , 
2, 4, 6-tris (dimethylaminomethyl) phenol, morpholine, N-methyl 
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morpholine, and 1 , 3-diazabicyclo ( 5 , 4 , 6) undecene-7 ( DBU ) 
low-molecular-weight polyamide resins produced by the reactions 
between excessive quantities of polyamines and polybasic acids; 
products of the reactions between excessive quantities of 
polyamines and epoxy compounds; and known silanol condensing 
catalysts, e.g., silane coupling agents containing amino group 
(e.g., T-aminopropyl trimethoxy silane and 

N-(p-aminoethyl)aminopropyl methyldimethoxy silane). These 
□ compounds may be used either individually or in combination. 

A solvent may be used for, e.g., improving workability and 
reducing viscosity . The solvents useful for the above purposes 
include aromatic hydrocarbon-based ones, e.g., toluene and 
xylene; ester-based ones, e.g., ethyl acetate, butyl acetate, 
Q amyl acetate and cellosolve acetate ; and ketone-based ones , e.g., 

^ 15 methylethylketone, methylisobutylketone and diisobutylketone . 

The solvent may be used during the process of producing the 
polymer . 

The aging inhibitors useful for the present invention include 
a commonly used antioxidant, e . g ., sulfur-based aging inhibitor , 
20 radical inhibitor and ultraviolet ray absorber, although use 
of the aging inhibitor is not essential. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans, salt s thereof , sulfides including 
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sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
mercaptols, monothio acids, polythio acids, thioamides, and 
sulfoxides . 

More concretely, the sulfur-based aging inhibitors include 
mercaptans, e - g . , 2-mercaptobenzothiazole ; salts of mercaptans , 
e.g., zinc salt of 2-mercaptobenzothiazole; sulfides, e.g., 
4,4'-thio-bis(3-methyl-6-t-butyl phenol) , 

"a 

6 in 4 4'-thio-bis(2-methyl-6-t-butyl phenol), 

in 

O 2 2'-thio-bis(4-methyl-6-t-butyl phenol), 

M 

S Q bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

| terephthaloyldi (2, 6-dimethyl-4-t-butyl-3-hydroxybenzyl) 

sulfide, phenothiazine, 2 , 2' -thio-bis (4-octyl phenol) nickel, 
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dilauryl thiodipropionate, distearyl thiodipropionate, 



dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl fJ.P' -thiodibutyrate, lauryl-stearyl thiodipropionate 
and 2, 2-thio [diethyl-bis-3- (3, 5-di-t-butyl-4-hydroxy 
phenol) propionate]; polysulfides, e.g., 2-benzothiazole 
20 disulfide; dithiocarboxylates, e.g., zinc 

dibutyldithiocarbamate, zinc diethyldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
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ethyl-phenyl-dithiocarbamate and zinc 
dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 
ethylene thiourea; and thiophosphates , e.g., 
trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the curable composition 

□ of the present invention, controlling the problems, e.g., 

SJ 

O 10 residual surface tackiness. 

0 The radical inhibitors useful for the present invention 

M 

L include phenol-based ones, e.g., 

s . 5 

S 2, 2-methylene-bis (4-methyl-6-t-butyl phenol) and 

few 

S| 

q tetrakis [methylene-3- (3, 5-di-t-butyl-4-hydroxyphenyl) propio 

15 nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, a-naphthylamine, 
N , N ' -sec-butyl-p-phenylenediamine, phenothiazine and 
N , N' -diphenyl-p-phenylenediamine . 

The ultraviolet ray absorbers useful for the present invention 
20 include 2- (2' -hydroxy-3 r , 5' -di-t-butylphenyl) benzotriazole 
and bis (2, 2, 6, 6-tetramethyl-4-piperidine) cebacate. 

The sealant composition may be prepared for a one- liquid type, 
where the composition of all of the components is prepared 
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beforehand and sealed, and cured with moisture in air after it 
is applied, or for a two-liquid type, where the separately 
prepared curing agent composition of, e.g., a curing catalyst, 
a filler, a plasticizer and water as the curing agent is mixed 
with the polymer composition before use. 

When the sealant composition is used for the one-liquid type, 
it is preferable that the water-containing component is 
dehydrated/dried beforehand, or dehydrated during 
mixing/kneading under a vacuum, because it contains all of the 
components before use. 

When used for the two-liquid type, on the other hand, the 
sealant composition may contain water to some extent, because 
the polymer-containing main ingredient is not necessarily 
incorporated beforehand with the curing catalyst and hence will 
not be gelled even in the presence of water. Nevertheless, 
however, it is preferable to dehydrate/dry the composition , when 
it is required to have storage stability for extended periods. 

The preferable dehydration/drying method is drying under 
heating for the solid, e.g., powdery, composition, and 
dehydration under a vacuumor in the presence of synthetic zeolite, 
activated alumina or silica gel for the liquid composition. 
Moreover, it may be dehydrated in the presence of a small quantity 
of an isocyanate compound, where the isocyanate group reacts 
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20 



with water. 

The composition will have still improved storage stability, 
when treated for dehydration/drying and incorporated with a lower 

alcohol, e.g., methanol or ethanol; or alkoxysilane compound, 
e.g., n-propyltrimethoxy silane, vinyl methyldimethoxysilane , 
T -mercaptopropylmethyldimethoxysilane, 7 
-mercaptopropylmethyldiethoxysilane or 7 
-glycidoxypropyltrimethoxysilane. 

Curable composition (4) and its uses 
The curable composition (4) of the present invention contains 
the curable composition with the hydrolyzable silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber as the component (Al) , as described earlier. More 
concretely, it contains (a) the organic polymer (Z) and (b) the 
organosilicon compound (B4). It can be suitably used for 
electric/electronic device members, transportation machines, 
and civil engineering/construction, medical and leisure areas . 

The curable composition (4) of the present invention can be 
used as sealants, pott ing agent s , coat ing materials or adhesives 
for electric/electronic device members, transportation 
machines, and civil engineering/construction and leisure areas . 

In other words, the present invention provides sealants, 
potting agents, coating materials and adhesives, composed of 
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the curable composition, comprising (a) the organic polymer (Z) 
and (b) the organosilicon compound (B4) . 

Rubber Composition curable at normal te mperature (5) 
The rubber composition curable at normal temperature (5) of 
the present invention contains the silyl-containing 
ethylene/ct-olefin/non-conjugated polyene random copolymer 
rubber (Al) , a silane compound (B5) , and, as required, a curing 
catalyst . 

[Silane compound (B5) ] 
| 10 The silane compound (B5) for the present invention is 

represented by one of the following general formulae [VII-1] 
to [VII-6] : 
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wherein, R 4 is a hydrocarbon group selected from the group 
consisting of alkyl, aryl and aralkyl group of 1 to 10 carbon 
atoms ; 

X is a halogen or a group selected from the group consisting 
of hydroxy, alkoxyl, acyloxy, aminoxy, phenoxy, thioalkoxy, 
amino, ketoxymate and alkenyloxy group; 

R 5 is an alkylene or arylene group of 8 to 200 carbon atoms; 

R 6 is a monovalent alkyl group of 8 to 200 carbon atoms; and 

w n" is an integer of 0 to 2 . 

The silane compound represented by the general formula [VII-1] 
or [VII-2] canbesynthesizedthroughhydrosilylationbyreacting 
a polyolef in compound of a molecular weight of 100 to 3 , 000 having 
an allyl group at one or both terminals with the hydrosilane 
compound represented by the following general formula: 

HSiR 4 n 
I 

X3- n 



20 wherein, R 4 is a monovalent hydrocarbon group selected from the 
group consisting of alkyl, aryl and aralkyl group of 1 to 10 
carbon atoms; 

X is a halogen or a group selected from the group consisting 
of hydroxy, alkoxyl, acyloxy, aminoxy, phenoxy, thioalkoxy, 
25 amino, ketoxymate, alkenyloxy; and 
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xv n" is an integer of 0 to 2. 

The silane compound represented by the general formula [VII-3] 
or [VII-4] can be synthesized by the Williamson' s ether synthesis 
method followed by hydrosilylat ion, wherein a polyolefin 
compound having a molecular weight of 100 to 3, 000 with hydroxyl 
group at one or both terminals is provided with allyl group at 
one or both terminals in the first step, and the product is 
M< hydrosilylated with the above-described hydrosilane compound 

in the second step. 

The silane compound represented by the general formula [VII-5] 
or [VII-6] can be synthesized by, e.g., sealing a polyolefin 
compound having a molecular weight of 100 to 3, 000 with hydroxyl 
group at one or both terminals with an isocyanate silane. 

The hydrosilylation between the allyl group and hydrosilane 
compound quantitatively proceeds at 50 to 150°C for 1 to 4 hours 
in the presence of a catalyst of Group 8 transition metal complex 
selected from the group consisting of platinum, rhodium, cobalt, 

palladium and nickel. 

The reaction between the hydroxyl group and isocyanate silane 
can proceed in the presence or absence of a catalyst. However, 
a catalyst may be used, when the addition reaction is to be 
accelerated. The catalysts useful for the above purpose include 
organotin compounds, e.g. , dibutyl tin dilaurate and tin oct ylate , 
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and tertiary amine compounds, e.g., dimethyl benzylamine and 
triethylamine. The reaction proceeds at 50 to 150°C, and is 
traced by the NCO absorption at 2270cm" 1 in the far-infrared 
absorption spectral pattern. 

The concrete examples of the polyolefin compounds with allyl 
group at one or both terminals include 1-octene, 1-decene, 
1-tetradecene, 1-hexadecene , 1-octadecene , 1 , 7-octadiene , 
1, 9-decadiene and 1, 13-tetradecadiene . 

The concrete examples of the polyolefin compounds with 
hydroxyl group at one or both terminals include 1-octanol, 
1-decanol, 1-tetradecanol , 1-hexadecanol, 1-octadecanol , 
1, 8-octanediol, 1 , 10-decanediol , 1, 14-tetradecanediol, 
1, 16-hexadecanediol, 1, 18-octadecanediol, polyolef inpolyol 
(Polytail-HA, <M-1000>®, Polytail HA®, Mitubishi Chemical 
Corporation) , and polybutadiene glycol and hydrogenated 
polybutadiene glycol (NISSO-PB G-1000®, NISSO-PB G-2000®, 
NISSO-PB GI-1000®, and NISSO-PB GI-2000®, Nippon Soda) . 

The concrete examples of the hydrosilane compounds include 
halogenated silanes, e.g., t richlorosilane, 
methyldichlorosilane, dimethylchlorosilane and 
phenyldichlorosilane; 

alkoxysilanes, e.g., trimethoxysilane, triethoxysilane , 
methyldimethoxysilane, methyldiethoxysilane and 
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phenyldimethoxysilane; 

acyloxysilanes, e.g., triacetoxysilane, 
methyldiacetoxysilane and phenyldiacetoxysilane ; 
dimethylethylmethyloximesilane; and 
triaminoxysilane, methyldiaminoxysilane and 
methyldiaminosilane . 

The concrete examples of the isocyanate silane include 7 
-isocyanate, propyl trimethoxysilane , 7 -isocyanate propyl 

O triethoxysilane, 7 -isocyanate propyl methyldimethoxysilane . 

M 

O 10 [Curing catalyst (C) ] 

yl 

R The concrete examples of the curing catalysts (C) , which may 

U be used for the present invention, as required, include: 

□ organotin compounds, e.g., dibutyl tin dilaurate, dibutyl 

3 tin maleate, dioctyl tin laurate, dioctyl tin maleate and tin 

m 

15 octylate; 

phosphoric acid and phosphate ester, e.g., phosphoric acid, 
monomethyl phosphate, monoethyl phosphate , monobutyl phosphate, 
monooctyl phosphate, monodecyl phosphate, dimethyl phosphate, 
diethyl phosphate, dibutyl phosphate, dioctyl phosphate and 

20 didecyl phosphate; 

propylene oxide, butylene oxide, cyclohexene oxide, glycidyl 
methacrylate, glycidol, allyl glycidyl ether, 7 
-glycidoxypropyltrimethoxysilane, 7 
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-glycidoxypropyltriethoxysilane, T 
-glycidoxypropylmethyldimethoxysilane, 




products of the addition reactions between an epoxy compound 
and phosphoric acid or mono acidic phosphate ester, e.g., 
Cardura E® (Yuka Shell Epoxy) , and Epikote 828® and Epikote 1001® 

(Yuka Shell Epoxy) ; 

mono[(5-hydroxyethyl methacrylate ] acid phosphate (KAYAMER 
PM-1®, KAYAMER PM-2® and KAYAMER PM-21® (NIPPON KAYAKU) , and 
copolymer having a number-average molecular weight of 1,000 to 
30,000 and acidic phosphate ester, group, produced by 
copolymerization of a compound simultaneously having an acidic 
phosphate ester group and polymerizable double bond in the 
lecule (e.g., product of the reaction between glycidyl 
thacrylate and a phosphate) with a vinyl monomer; 
alkyl titanate; 
organoaluminum; 

acidic compounds, e.g., maleic acid and paratoluenesul f onic 
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acid; 

amines, e.g., hexylamine, di-2-ethylhexylamine, 
N,N-dimethyldodecylamine and dodecylamine ; and 

alkaline compounds, e.g., sodium hydroxide and potassium 
hydroxide . 

The reaction can proceed in the absence of the curing catalyst 
(C). However, the above catalysts may be used either 
individually or in combination, when the curing reaction is to 
be accelerated. 



□ 1Q [Compositional ratio] 

ill 



15 



20 



The mixing ratio of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , silane compound (B5) and curing catalyst (C) is 
preferably (A)/(B)/(C) of 100/0 . 1 to 100/0 to 20 by weight , more 
preferably 100/0.5 to 20/0.01 to 10. 

The silane compound (B5) cannot exhibit the effect of improving 
adhesion at a content below 0.1 parts by weight per 100 parts 
by weight of the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , and may cause troubles, e.g., deteriorated 
compatibility with the copolymer rubber (Al) and coating film 
becoming fragile, at above 100 parts by weight . Therefore, its 
content beyond the above range is undesirable. 
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The mechanisms involved in the effect of the silane compound 
(B5) having a long polyolefin chain to improve adhesion are not 
fully understood, but it conceivably results from incorporation 
of the compound (B5) of relatively low molecular weight into 
5 the network structure. 

The effects of the silane compound (B5) are not limited to 
improving adhesion to melamine alkyd or melamine acrylic resin, 
f*fc< but to improving hardness, resistance to solvents and pollution 

□ prevention of the rubber composition (5) of the present invention 

O 10 curable at normal temperature. These effects are particularly 

in 

noted for improving hardness and resistance to solvents with 
the silane compound (B5) having 2 hydrolyzable silyl groups in 
the molecule, and for improving pollution prevention with the 
silane compound (B5) having one hydrolyzable silyl group in the 



o 



m 

15 molecule. 

[Other components] 
The rubber composition (5) of the present invention curable 
at normal temperature may be incorporated with a dehydrator, 
although not essential. It may be incorporated, however, in 
20 order to keep the rubber composition (5) stable for extended 
periods or serviceable over repeated cycles of use without 
causing problems. 

Theconcrete examples of the dehydrators useful for the present 
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invention include hydrolyzable ester compounds, e.g., methyl 
orthof ormate, ethyl orthof ormate, methyl orthoacetate , ethyl 
orthoacetate, methyltrimethoxysilane, 7 

-methacryloxypropyltrimethoxysilane, vinyl trimethoxysi lane , 
methyl silicate and ethyl silicate. 

The hydrolyzable ester compound may be added to the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (Al ) , while it is being produced or after 
it is produced. 

The rubber composition (5) of the present invention curable 
at normal temperature may be further incorporated with various 
additives, e.g., anti-settling agent and leveling agent; 
cellulose, , e.g., nitrocellulose and cellulose acetate 
butyrate; resin, e.g., alkyd, acrylic, vinyl chloride, 
chlorinated propylene, chlorinated rubber and polyvinyl butyral 
rubber; adhesion improver; property adjuster; storage stability 
improver; plasticizer; filler; aging inhibitor; ultraviolet ray 
absorber; metal deactivator; ozone-caused aging inhibitor; 
light stabilizer; amine-based radical chaining inhibitor; 
phosphorus-based peroxide decomposer; lubricant; pigment; and 
foaming agent, within limits not detrimental to the object of 
the present invention. 

For the adhesion improvers, the commonly used adhesives, 
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silane coupling agents (e.g., aminosilane and epoxysilane 
compounds) and others may be used. The concrete examples of 
the adhesion improvers include phenol resin, epoxy resin, 7 
-aminopropyl trimethoxy silane, N- (p-aminoethyl ) aminopropyl 
5 methyldimethoxy silane, coumarone/indene resin, rosin ester 
resin, terpene/phenol resin, a-methyl styrene/vinyl toluene 
copolymer, polyethylmethyl styrene, alkyl titanate, and 
jj, aromatic polyisocyanat e . The adhesion improver is incorporated 

preferably at about 1 to 50 parts by weight per 100 parts by 
10 weight of the silyl-containing 

ethylene/a-olef in/non-con j ugated polyene random copolymer 
f~ rubber (Al), more preferably 5 to 30 parts by weight. 

~P% The storage stability improvers useful for the present 

□ invention include esters of ortho-organic acids. The storage 

Hi 

15 stability improver is incorporated preferably at about 0 . 5 to 
2 0 parts by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (Al), more preferably 1 to 10 parts by weight. 

The plasticizer useful for the present invention is also not 

20 limited, and any commonly used one may be used. Preferably, 
it should be compatible with each component for the rubber 
composition (5) of the present invention curable at normal 
temperature. 
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The concrete examples of these plasticizers include: 
hydrocarbon-based compounds, e.g., polybutene, hydrogenated 
polybutene, ethylene/a-olef in co-oligomer, a-methyl styrene 
oligomer, biphenyl, triphenyl, triaryl dimethane, alkylene 
triphenyl, liquid polybutadiene , hydrogenated liquid 
polybutadiene, alkyl diphenyl, partially hydrogenated 
ter-phenyl, paraffin oil, naphthene oil and atactic 
polypropylene ; 

para fin chlorides ; 

phthalate esters , e.g., those of dibutyl phthalate, diheptyl 
phthalate, di ( 2-ethylhexyl ) phthalate, butyl benzyl phthalate 
and butyl phthalyl butyl glycolate; 

non-aromatic, dibasic acid esters, e.g., those of dioctyl 
adipate and dioctyl cebacate; 

esters of polyalkylene glycol, e.g., those of diethylene 
glycol benzoate and triethylene glycol dibenzoate; and 

phosphate esters, e.g., those of tricresyl phosphate and 
tributyl phosphate . 

Of these, saturated hydrocarbon-based compounds are more 
preferable. They may be used either individually or in 
combination . 

Of the above-described compounds, the hydrocarbon-based 
compounds free of unsaturated group, e.g., hydrogenated 
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polybutene, hydrogenated liquid polybutadiene , paraffin oil, 

naphthene oil and atactic polypropylene, are more preferable 

forvarious reasons, e.g., high compatibility with each component 

for the rubber composition of the present invention, limited 

5 effects on curing speed of the rubber composition, good 

resistance to weather of the cured product, and cheapness. 

The plasticizer may be used in place of the solvent during 

H. the process of introducing a hydrolyzable silyl group into the 

Q 

5 above-described ethylene/a-olef in/non-con jugated polyene 

J 10 random copolymer rubber (A 0 ) , for the purposes of , e.g. , adjusting 
reaction temperature and viscosity of the reaction system. 

The plasticizer is incorporated preferably at about 10 to 
500 parts by weight per 100 parts by weight of the silyl-containing 
□ ethylene/a-olefin/non-conjugated polyene random copolymer 

rubber (Al), more preferably about 20 to 300 parts by weight. 

The concrete examples of the fillers include wood powder, 
pulp, cotton chips, asbestos, glass fibers, carbon fibers , mica, 
walnut shell powder, graphite, diatomaceous earth, white clay, 
fumed silica, settling silica, silicic anhydride, carbon black, 
calcium carbonate, clay, talc, titanium oxide, magnesium 
carbonate, quartz, fine aluminum powder , flint powder, and zinc 
powder. Of these, more preferable ones are thixotropic fillers, 
e.g. , settling silica, fumed silica and carbon black; and calcium 
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rbonate, titanium oxide and talc. The filler, when used, is 
incorporated preferably at about 10 to 500 parts by weight per 
100 parts by weight of the silyl-containing 
ethylene/cc-olefin/non-conjugated polyene random copolymer 
rubber (Al) , more preferably about 20 to 300 parts by weight. 

The aging inhibitors useful for the present invention include 
commonly used known sulfur-based ones, radical inhibitors and 
ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans , salts thereof , sulfides including 
ulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
ulfonium compounds, thioaldehydes, thioketones, mercaptals, 
m ercaptols, monothio acids, polythio acids, thioamides, and 

15 sulfoxides. 

More concretely, the sulfur-based aging inhibitors include: 
mercaptans, e.g., 2-mercaptobenzothiazole; 
salts of mercaptans, e.g., zinc salt of 
2-mercaptobenzothiazole; 

sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 
4, 4' -thio-bis (2-methyl-6-t-butyl phenol) , 
2, 2' -thio-bis (4-methyl-6-t-butyl phenol) , 
bis(3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
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terephthaloyl 

sulfide, phenothiazine, 2, 2- -thio-bis ,4-octyl phenol, nickel. 

. H^fporvl thiodipropionate, 
dilauryl thiodipropionate , distearyl t: 

^^r-iHprvl thiodipropionate, 
dimyristyl thiodipropionate, drtrrdecyl P 

dis tearylp,0'-thiodibutyrate.lauryl-stearyl thiodipropionate 
and2,2-thio I diethyl-bi S -3-(3,5-di-t-butyl-4-h y dro X y 

phenol) propionate] ; 

lf . Hp , e a , 2-benzothiazole disulfide; 
polysulf ides , e.g., ^ ^ 

i 4- <= p. a zincdibutyldithiocarbamate, zinc 
dithiocarboxylates, e.g., zinc axu y 

nirkel dibutyldithiocarbamate, zinc 
diethyldithiocarbamate, nickel aiouuy 

1 d i-n-butyldithiocarbamate, dibutyl ammonium 

• a1 -r,^,i -nhpnvl-dithiocarbamate and 
dibutyldithiocarbamate, zinc ethyl phenyl ai 

□ 

| zinc dimethyldithiocarbamate; 

5 p a i-butyl-S-oxy-diethylene-Z-thiourea, 

m thioureas, e.g., J- ouuy-L. 

d i-o-tolyl-thiourea and ethylene thiourea; and 

thiophosphates, e.g., trilauryltrithiophosphate . 
The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the curable rubber 

• , • on of the present invention, controlling the problems, 
20 composition of tne P 

e.g., residual surface tackiness. 

The radical inhibitors useful for the present invention 
include phenol-based ones, e.g., 
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2 ,2- m ethylene-bis(4- m ethyl-6-t-butyl phenol) and 

7 n 5 -di-t-butyl-4-hydroxyphenyl)propio 
tetrakis[methylene-3-(3,5 di z o y 

nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, a-naphthylamine, 
,,^-sec-butyl-p-phenylenedxa.ine, phenothiazine and 
N , N' -diphenyl-p-pheny lenediamine . 

~ -. f nr hhp oresent invention 
The ultraviolet ray absorbers useful for the pres 

in clu d e 2 - (2 .-h yd ro Xy -3'.S-oi-t-but y l P he„ y l, bentotriazole 
and bis ( 2,2,6.6-tetra m eth y l-4- P iperi d ine, cebaoate . 

Th e aging rnhrbltor is incorporate, at about 0.1 to 20 parts 
by weight per 100 parts b y werght of the srl Y 
^^ne/a-olefin/non-coniugated pol.ene random copol y mer 
r ubber <M>, preferabl. 1 to 10 parts b y weight. 
R ,bb J ,r^si i i £ r^ 
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Th e rubber co.position (5, of the present invention curable 
.t normal temperature contains the curable composition with the 
sily l-containing eth y lene/o-olef in/ncn-conjugated P ol y ene 

^^-nt- (7\A) More concretely, 
random copolymer rubber as the component (Al ) . 

^ t<7\ the silane compound (B5), 
it contains the organic pol y mer (Z) , the 

and , as reguire d , the currng catal.st ,C, . It can be suitabl y 
use. for electric/electronic device members, transpcrtatron 
machines , and civil engineering/construction, medical and 
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leisure areas, as described earlier. 

The rubber composition (5) of the present invention curable 
at normal temperature can be used as sealants, potting agents, 
coating materials or adhesives for electric/electronic device 
members, transportation machines, and civil 
engineering/construction, medical and leisure areas. 

Curable rubber composit ion (6) 
The curable rubber composition (6) of the present invention 
contains the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , and specific amines (D) , a specific silane coupling 
agent (B6) and a specific resin (E) as the active ingredients. 
W [Amines (D) ] 

The amines (D) useful for the present invention are selected 
from the group consisting of aliphatic amines, alicyclic amines, 
modified cycloaliphatic polyamines and ethanolamines . 

The concrete examples of the aliphatic amines useful for the 
present invention include triethylamine , ethylenediamine, 
hexanediamine, diethylenetriamine , triethylenetetramine and 
tetraethylenepentamine . 

■ The concrete examples of the alicyclic amines useful for the 
present invention include piperidine and piperazine. 
The concrete examples of the modified cycloaliphatic 
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polyamines useful for the present invention include those used 
as hardening agents for epoxy resin. 

The concrete examples of the ethanolamines useful for the 
present invention include monoethanolamine, diethanolamine and 

5 triethanolamine . 

These aminesmay be usedeither individually or in combination. 

The amines are incorporated normally at 30 parts by weight 
M, or less but more than 0 parts per 100 parts by weight of the 

I silyl-containing ethylene/a-olef in/non-conjugated polyene 

SI 

H 10 random copolymer rubber (Al) , more preferably 0.1 to 5 parts 
by weight . 

[Silane coupling agents (B6) ] 
The silane coupling agent (B6) useful for the present invent ion 

3 is represented by the following general formula 

fU 

15 Y 3 (Si)Z 

wherein Y is an alkoxyl group; and Z is an alkyl group containing 
a functional group selected from the group consisting of an amino 
group which may be substituted with an aminoalkyl group or not, 

and mercapto group. 
20 The concrete examples of the silane coupling agents (B6) 

represented by the above-described general formula include 
T-aminopropyltriethoxysilane, N-p- (aminoethyl ) - 7 
aminopropyltriethoxysilane, 7 
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-mercaptopropyltriethoxysilane, 

T-aminopropyltrimethoxysilane, N-p- (aminoethyl ) - 7 
-aminopropyltrimethoxysilane, 7 
-mercaptopropyltrimethoxysilane. 

The silane coupling agent (B6) is incorporated normally at 
10 parts by weight or less but more than 0 parts per 100 parts 
by weight of the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al> , more preferably 0 . 1 to 5 parts by weight. 
□ 10 [Resins (E) ] 

The resins (E) useful for the present invention include a 
known lacquer-based, acrylic lacquer-based, acrylic 
resin-based, thermosetting acrylic, alkyd, melamine and epoxy 
paint, and organopolysiloxane . 

For the present invention, an adequate quantity of the resin 
(E) is mixed with the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , the amines (D) and the silane coupling agent (B6) . 

Content of the resin (E) is not limited, but it is recommended 
to be incorporated normally at 0.1 to 1,000 parts by weight, 
including the solvent when the resin (E) is dissolved therein, 
per 100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
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rubber (Al), preferably 1 to 500 parts by weight. 

[Curable rubber composition (6)] 
The curable rubber composition (6) of the present invention 
is composed of the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , amines (D) , a silane coupling agent (B6) and a resin 
(E) as the active ingredients, as described earlier. 

The curable rubber composition (6) of the present invention 
maybe incorporated, as required, with various additives, e.g., 
| 10 adhesion improver, property adjuster, storage stability 
R improver, plasticizer, filler, aging inhibitor, ultraviolet ray 

n absorber, metal deactivator, ozone-induced aging inhibitor, 

K light stabilizer, amine-based radical chaining inhibitor, 

□ phosphorus-based peroxide decomposer, lubricant, pigment and 

foaming agent, within limits not detrimental to the object of 
the present invention. 

The adhesion improvers useful for the present invention 
include silane coupling agents, e.g., commonly used adhesives 
and aminosilane compounds; and others. The concrete examples 
of these adhesion improvers include phenolic resin, epoxy resin, 
T-aminopropyl trimethoxysilane, N- (f3-aminoethyl) aminopropyl 
methyldimethoxysilane, coumarone/indene resin, rosin ester 
resin, terpene/phenol resin, a-methyl styrene/vinyl toluene 
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copolymer, polyethylmethyl styrene, alkyl titanate, and 
aromatic polyisocyanate . The adhesion improver, when used, is 
incorporated preferably at about 1 to 50 parts by weight per 
100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al), more preferably about 5 to 30 parts by weight. 

The storage stability improvers useful for the present 
invention include esters of ortho-organic acids, e.g., alkyl 



O 

P ortho-formate. 
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The storage stability improver, when used, is incorporated 
| preferably at about 0.5 to 20 parts by weight per 100 parts by 

weight of the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al), more preferably about 1 to 10 parts by weight. 

The plasticizer useful for the present invention is also not 
limited, and any commonly used one may be used. Preferably, 
it should be compatible with each component for the rubber 
composition (6) of the present invention. 

The concrete examples of these plasticizers include: 
hydrocarbon-based compounds, e . g - , polybutene, hydrogenated 
polybutene, ethylene/cc-olef in co-oligomer, a-methyl styrene 
oligomer, biphenyl, triphenyl, triaryl dimethane, alkylene 
triphenyl, liquid polybutadiene, hydrogenated liquid 



20 



204 



SF-768 



polybutadiene, alkyl diphenyl, partially hydrogenated 
ter-phenyl, paraffin oil, naphthene oil and atactic 
polypropylene ; 

parafin chlorides; 
5 phthalate esters, e.g. , those of dibutyl phthalate, diheptyl 

phthalate, di (2-ethylhexyl ) phthalate, butyl benzyl phthalate 
and butyl phthalyl butyl glycolate; 
H. non-aromatic, dibasic acid esters, e.g., those of dioctyl 

Q 

0 adipate and dioctyl cebacate; 

esters of polyalkylene glycol, e.g., those of diethylene 



10 



O glycol benzoate and triethylene glycol dibenzoate; and 

phosphate esters, e.g., those of tricresyl phosphate and 



0 

Hi 



tributyl phosphate. Of these, saturated hydrocarbon-based 
compounds are more preferable. They may be used either 
15 individually or in combination. 

Of these, the hydrocarbon-based compounds free of unsaturated 
group (e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene) are more preferable, because they are well 
20 compatible with various components for the rubber composition 
(6) of the present invention, affecting curing speed of the rubber 
composition to only a limited extent, giving the cured product 
of high resistance to weather, and inexpensive. 
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The above plasticizer may replace the solvent used when a 
hydrolyzable silyl group is introduced into the above-described 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A 0 ) , in order to ad j ust reaction temperature and viscosity 

5 of the reaction system. 

The plasticizer, when used, is incorporated preferably at 
about 10 to 500 parts by weight per 100 parts by weight of the 
y, silyl-containing ethylene/a-olef in/non-conj ugated polyene 

O random copolymer rubber (Al), more preferably about 20 to 300 

H 

£3 10 parts by weight. 

UI 

The concrete examples of the fillers include wood powder, 
pulp, cotton chips, asbestos, glass fibers, carbon fibers, mica, 
walnut shell powder, graphite, diatomaceous earth, white clay, 
fumed silica, settling silica, silicic anhydride, carbon black, 
calcium carbonate, clay, talc, titanium oxide, magnesium 
carbonate, quartz, fine aluminum powder , flint powder, and zinc 
powder. Of these, more preferable ones are thixotropic fillers , 
e.g., settling silica, fumed silica and carbon black; and calcium 
carbonate, titanium oxide and talc. The filler, when used, is 
incorporated preferably at about 10 to 500 parts by weight per 
100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al), more preferably about 20 to 300 parts by weight. 
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The aging inhibitors useful for the present invention include 
commonly used known ones, e.g., sulfur-based ones, radical 
inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans, salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
mercaptols, monothio acids, polythio acids, thioamides, and 



3 10 sulfoxides 



The concrete examples of the sulfur-based aging inhibitors 
useful for the present invention include: 
mercaptans, e.g., 2-mercaptobenzothiazole; 
pj salts of mercaptans, e.g., zinc salt of 

m 

15 2-mercaptobenzothiazole; 

sulfides, e.g., 4 , 4 ' -thio-bis (3-methyl-6-t-butyl phenol), 
4, 4' -thio-bis ( 2-methyl-6-t-butyl phenol) , 
2, 2' -thio-bis ( 4 -methyl- 6-t-butyl phenol) , 
bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

20 terephthaloyldi(2,6-dimethyl-4-t-butyl-3-hydroxybenzyl) 

sulfide, phenothiazine, 2, 2' -thio-bis (4-octyl phenol) nickel, 
dilauryl thiodipropionate , distearyl thiodipropionate, 
dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
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distearyl p,P' -thiodibutyrate, lauryl-stearyl thiodipropionate 
and 2, 2-thio [diethyl-bis-3- (3, 5-di-t-butyl-4-hydroxy 

phenol) propionate] ; 

polysulfides, e.g., 2-benzothiazole disulfide; 
dithiocarboxylates, e.g., zinc dibutyldithiocarbamate , zinc 
diethyldithiocarbamate, nickel dibutyldithiocarbamate, zinc 
di-n-butyldithiocarbamate, dibutyl ammonium 

dibutyldithiocarbamate, zinc ethyl-phenyl-dithiocarbamate and 



P zinc dimethyldithiocarbamate; 
| 10 thioureas, e.g., l-butyl-3-oxy-diethylene-2-thiourea, 

B di-o-tolyl-thiourea and ethylene thiourea; and 
n thiophosphates, e.g., trilauryltrithiophosphate . 



The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
15 efficiently than the other types for the curable rubber 

composition of the present invention, controlling the problems, 
e.g., residual surface tackiness. 

The radical inhibitors useful for the present invention 
include phenol-based ones, e.g., 
20 2,2-methylene-bis(4-methyl-6-t-butyl phenol) and 

tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl) P ro P io 
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nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, a-naphthylamine, 
N ,N'-sec-butyl-p-phenylenediamine, phenothiazine and 
N,N' -diphenyl-p-phenylenediamine . 

The ultraviolet ray absorbers useful for the present invention 
include 2-(2'-hydroxy-3',5'-di-t-butylphenyl) benzotriazole 
and b is(2,2,6,6-tetramethyl-4-piperidine) cebacate. 

The aging inhibitor, when used, is incorporated preferably 
I at about 0.1 to 20 parts by weight per 100 parts by weight of 

^ the silyl-containing ethylene/a-olef in/non-conjugated polyene 

random copolymer rubber (Al ), more preferably about 1 to 10 parts 

by weight. 

Curable ru bber compositi on (6) and its uses 
The curable rubber composition (6) of the present invention 
contains the curable composition with the silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber as the component (Al) . More concretely, it contains the 
organic polymer (Z) , the amines (D) , the silane coupling agent 
(B6) and resin (E) as the active ingredients, the resin (E) being 
composed of a lacquer-based, acrylic lacquer-based, acrylic 
resin-based, thermosetting acrylic, alkyd, melamine or epoxy 
paint, or organopolysiloxane . It can be suitably used for 
electric/electronic device members, transportation machines, 
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and civil engineering/construction, medical and leisure areas, 

as described earlier. 

The curable rubber composition (6) of the present invention 
can be used as sealants, potting agents, coating materials or 
5 adhesives for electric/electronic device members, 

transportation machines, and civil engineering/construction 
and leisure areas. 

Curable composition (7) 
The curable composition (7) of the present invention contains 
10 (a) the silyl-containing ethylene/a-olef in/non-conjugated 
R polyene random copolymer rubber (Al) and (b) a silane-based 

L compound substituted with amino group (B7). 

q The curable composition (7) of the present invention 

preferably contains (a) the silyl-containing 
15 ethylene/a-olefin/non-conjugated polyene random copolymer 

rubber (Al) , (b) the compound having a silanol group and/or the 
compound which can react with moisture to form a compound having 
a silanol group in the molecule (Bl) , and the above-described 
silane-based compound substituted with amino group (B7) , wherein 

20 the compound (B7) is composed of: 

(c) a compound having a group containing silicon, to which 2 
hydrolyzable groups are bonded, and amino group (B7-1), and 

(d) a compound having a group containing silicon, to which 3 
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hydrolyzable groups are bonded, and amino group (B7-2) . 

The curable composition (7) of the present invention exhibits 
excellent characteristics with respect to curing speed and 
resistance to weather, which are mainly derived from the 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) containing the hydrolyzable silyl group. 

The curable composition (7) of the present invention is 
incorporated, as required, with a compound having a silanol group 
5 and/or a compound which can react with moisture to form a compound 

having a silanol group in the molecule (monovalent silanol-based 



^4 

rs io 

m 

^ compound) (Bl) . 



Thecomponent (Bl) is expected to bring the effect of decreasing 
modulus of the cured silyl-containing 
□ ethylene/a-olefin/non-conjugated polyene random copolymer 

" 15 rubber (Al) . It is readily available, and has the excellent 
characteristic in that it produces the above effect when merely 
incorporated in the ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber containing the hydrolyzable silyl group 
(Al) . 

20 [Silane-based compound containing amino group (B7) ] 

The curable composition (7) of the present invention is 
incorporated with a silane-based compound containing amino group 
(B7 ) , in combination with the ethylene/a-olef in/non-conj ugated 
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polyene random copolymer rubber containing the hydrolyzable 
silyl group (Al) . Various types of silane-based compounds 
containing amino group may be used, individually or in 
combination. It is however preferable to simultaneously use 
the compounds (B7-1) and (B7-2) described in detail below, 
wherein the compound (B7-1) has a group containing silicon, to 
which 2 hydrolyzable groups are bonded, and amino group (s) 
(bifunctional aminosilane compound) and the compound (B7-2) has 
3 a group containing silicon, to which 3 hydrolyzable groups are 

5 10 bonded, and amino group(s) ( trif unctional aminosilane 
compound) . 

[Bifunctional aminosilane compound (B7-1)] 
The group containing silicon to which 2 hydrolyzable groups 
are bonded in the bifunctional aminosilane compound (B7-1) for 
15 the present invention is represented by the following general 
formula : 



20 



-Si - X' 2 



wherein, R is a 



monovalent organic group of 1 to 40 carbon atoms; 



and X' is a hydrolyzable group. 

The examples of the hydrolyzable groups include halogen and 
25 hydrogen atom, and alkoxyl, acyloxy, ketoxymate, amino, amide, 
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aminoxy, mercapto and alkenyloxy group. Alkoxyl group, e.g., 
methoxy or ethoxy, is more preferable because of its mild 
hydrolyzability . 

Amino group may be -NH 2 or substituted amino group, e.g., 
5 -NH 2 whose hydrogen atom is substituted with another group . The 
amino group is represented by the general formula -N (R 4 ) 2 , wherein 
R 4 is hydrogen atom or a hydrocarbon group of 1 to 30 carbon 

p, atoms, which may be substituted or not, and may be the same or 

Q 

□ different) . 

The concrete examples of the bifunctional aminosilane 
compounds (B7-1) include H 2 NCH 2 CH 2 CH 2 Si (CH 3 ) (0CH 3 ) 2, 
H 2 NCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (CH 3 ) (0CH 3 ) 2 , 
% (CH 3 )NHCH 2 CH 2 CH 2 Si (CH 3 ) (OCH 3 ) 2 , 

•j (C 2 H 5 )NHCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (CH 3 ) (OCH 3 ) 2 , 

^ 15 H 2 NCH 2 CH 2 CH 2 Si (CH 3 ) (OCOCH 3 ) 2 , 

H 2 NCH 2 CH 2 CH 2 Si (CH 3 ) (ON=C(CH 3 ) (C 2 H 5 )) 2 and 
H 2 NCH 2 CH 2 CH 2 Si (CH 3 ) (OC (CH 3 ) =CH 2 ) 2 . 

The bifunctional aminosilane compound (B7-1) is incorporated 
preferably at 0.1 to 20 parts by weight per 100 parts by weight 
of the silyl-containing ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber (Al), more preferably 0 . 5 to 
10 parts by weight. At the same time, it is not desirable to 
incorporate the bifunctional aminosilane compound (B7-1) at an 
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excessive content relative to the monovalent silanol-based 
compound (Bl) . The monovalent silanol-based compound 
(Bl) /^functional aminosilane compound (B7-1) ratio is 
preferably 1/0.01 to 1/5 by weight, more preferably 1/0.05 to 

1/2 by weight. 

[Trifunctional aminosilane compound (B7-2)] 
The group containing silicon to which 3 hydrolyzable groups 
are bonded in the trifunctional aminosilane compound (B7-2) for 
the present invention is represented by the general formul a 
| 10 -SiX 3 , wherein X is a hydrolyzable group. The amino group can 
be the same as that described earlier. 

The concrete examples of the trifunctional aminosilane 
compounds (B7-2) include H 2 NCH 2 CH 2 CH 2 Si (OCH 3 ) 3 , 
H 2 NCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3, (CH 3 ) NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3, 
(C 2 H 5 ) NHCH 2 CH 2 NHCH 2 CH 2 CH 2 Si (OCH 3 ) 3, H 2 NCH 2 CH 2 CH 2 Si (OCOCH 3 ) 3, 
H 2 NCH 2 CH 2 CH 2 Si(ON=C(CH 3 ) (C 2 H 5 ) ) 3 and 

H 2 NCH 2 CH 2 CH 2 Si (OC (CH 3 ) =CH 2 ) 3 - 

The trifunctional aminosilane compound (B7-2) is incorporated 

preferably at 0.01 to 5 parts by weight per 100 parts by weight 
20 of the silyl-containing ethylene/a-olef in/non-conjugated 

polyene random copolymer rubber (Al) , more preferably 0.05 to 
3 parts by weight. At the same time, it is not desirable to 
incorporate the trifunctional aminosilane compound (B7-2) at 
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an excessive content relative to the monovalent silancl-based 
compound <B1>, because of increased modulus of the cured 
composition. The monovalent silanol-based compound 
,B1) /Afunctional aminosilane compound (B7-2) ratio is 
preferably 1/0.01 to 1/0.75 by weight, more preferably 1/0.02 
to 1/0 . 5 by weight . 

[Other components ] 

. u_ ■ / n \ nf i-hp n re sent invention may be 
The curable composition (7) of the present 

, , reauired, with one or more additives, e.g., 

incorporated, as requneu, 

a curing promoter, a plasticizer or a filler. 

The curing promoters useful for the present invention include 
an organotin compound, an acidic phosphate ester, a product by 
the reaction between an acidic phosphate ester and an amine, 
saturated or unsaturated polyvalent carbcxylic acid or its 
anhydride, and organic titanate compounds. 

The organotin compounds useful for the present invention 
include dibutyl tin dilaurate, dioctyl tin maleate, dibutyl tin 
phthalate, tin octylate and dibutyl tin methoxide. 

The acidic phosphate esters useful for the present invention 

4-k„ v^r-f rpnrpsented by the following 
include those containing the part represented y 

formula 

O 
I I 

- O - P ~ 
I 

OH 
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for example, those represented by the following general formula : 



o 
I i 

(R 5 0) d - P - (OH) 3-d 



wherein, "d» is 1 or 2 ; and R 5 is an organic group. More ooncretely, 
they include the following compounds: 
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The organic titanate compound includes titanate esters , e . g . , 
those of tetrabutyl titanate, tetraisopropyl titanate and 
triethanolamine titanate. 

The curing promoter, when used, is incorporated preferably 
5 at 0.1 to 10 parts by weight per 100 parts by weight of the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 

random copolymer rubber (Rl) • 
H, The plasticizers useful for the present invention include 

1 low-molecular-weight plasticizers, e.g., dioctyl phthalate, 

r? , nl^ticizers, and high-viscosity 

0 in hiqh-molecular-weight plasticizers, 

y plasticizers. 

■g The concrete examples of the plasticizers useful for the 

S present invention include phthalate esters, e.g., those of 

1 dibutyl phthalate, diheptyl phthalate, di ( 2-ethylhexyl , 

PJ 15 phthalate, butyl benzyl phthalate and butyl phthalyl butyl 
olycolate; non-aromatic, dibasic acid esters, e.g., those of 
dioctyl adipate and dioctyl cebacate; esters of polyalxylene 
glycol, e.g., those of diethylene glycol dibenzoate and 
triethylene glycol dibenzoate; phosphate esters, e.g., those 
20 of tricresyl phosphate and tributyl phosphate; chlorinated 
paraffins; and 

hydrocarbon-based oils, e.g., alkyl diphenyl, polybutene, 
hydrogenatedpolybutene, ethylene/a-olef in oligomer, a-methyl 
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styrene oligomer, biphenyl, triphenyl, triaryl dimethane, 
alkylene triphenyl, liquid polybutadiene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil, atactic 
polypropylene and partially hydrogenated ter-phenyl. 

These plasticizers may be used either individually or in 
combination. The plasticizer may be incorporated, while the 

polymer is produced. 

Of these, the hydrocarbon-based compounds free of unsaturated 
groups (e.g., hydrogenated polybutene, hydrogenated liquid 
OlO polybutadiene, paraffin oil, naphthene oil and atactic 

polypropylene) are more preferable, because they are well 
compatible with various components for the curable composition 
(7 ) of the present invention, affecting curing speed of the 
composition to only a limited extent, giving the cured product 
15 of high resistance to weather, and inexpensive. 

The above plasticizer may be selected in dependence on specific 
purposes, e.g., adjustment of characteristics and properties . 

The plasticizer, when used, is incorporated preferably at 
about 1 to 400 parts by weight per 100 parts by weight of the 
20 silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (Al) , more preferably 1 to 150 parts, 
still more preferably 10 to 120 parts, particularly preferably 
20 to 100 parts by weight. 
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The concrete examples of the fillers include wood powder, 
pulp, cotton chips, asbestos, glass fibers, carbon fibers, mica, 
walnut shell powder, rice hull powder, graphite, diatomaceous 
earth, white clay, fumed silica, settling silica, silicic 
5 anhydride, carbon black, calcium carbonate, clay, kaolin, talc, 
titaniumoxide, magnesium carbonate, quartz powder , glassbeads, 
fine aluminum powder, flint powder, and zinc powder. Of these, 
jj, m0 re preferable ones are thixotropic fillers, e.g., settling 
| silica, fumed silica and carbon black; and calcium carbonate, 

O 10 titanium oxide and talc. They may be used either individually 

m 

or in combination. 

The aging inhibitors useful for the present invention include 
| commonly used known ones, e.g., sulfur-based ones, radical 
inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans , salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 

=>r-iris oolvthio acids, thioamides , and 
20 mercaptols, monothio acids, poxyunxu 

sulfoxides . 

More concretely, the sulfur-based aging inhibitors include: 
mercaptans, e . g . , 2-mercaptobenzothiazole; salts of mercaptans , 
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e.gl, zinc salt of 2-mercaptobenzothiazole; sulfides, e.g., 
4,4'-thio-bis (3-methyl-6-t-butyl phenol) , 
4,4'-thio-bis(2-methyl-6-t-butyl phenol) , 
2,2'-thio-bis (4-methyl-6-t-butyl phenol) , 
bis ( 3 -methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
terephthaloyl di ( 2 , 6-dimethyl-4-t-butyl-3-hydroxybenzyl ) 
sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
dilauryl thiodipropionate, distearyl thiodipropionate, 
dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyip,(3'-thiodibutyrate,lauryl-stearyl thiodipropionate 

and 2, 2-thio [diethyl-bis-3- ( 3 , 5-di-t-butyl-4-hydroxy 
phenol) propionate]; polysulf ides , e.g., 2-benzothiazole 
disulfide; dithiocarboxylates , e.g., zinc 

dibutyldithiooarbamate, zinc diethyldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl-phenyl-dithiocarbamate and zinc 
dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 

20 ethylene thiourea; and 

thiophosphates, e.g., trilauryltrithiophosphate . 
The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
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efficiently than the other types for the curable composition 
(7) of the present invention, controlling the problems, e.g., 
residual surface tackiness. 

The radical inhibitors useful for the present invention 
include phenol-based ones, e.g., 

2,2-methylene-bis(4-methyl-6-t-butyl phenol) and 
tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propio 

nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, a-naphthylamine, 
N,N'-sec-butyl-p-phenylenediamine, phenothiazine and 
N , N' -diphenyl-p-phenylenediamine . 

Th e ultraviolet ray absorbers useful for the present invention 
| include 2-(2'-hydroxy-3',5'-di-t-butylphenyl) benzotriazole 

n and bis (2,2,6, 6-tetramethyl-4-piperidine) cebacate. 

m 15 The curable composition (7) of the present invention thus 

prepared is useful for adhesives, tackifiers, paints, waterproof 
materials for coating films, sealant compositions, shaping 
materials, casting rubber materials and foaming materials. 
When used as a sealant for construction works, for example, 
20 the composition (7) of the present invention is incorporated 
withan inorganic filler, e . g ., calcium carbonate , talc or kaolin, 
normally at 10 to 300 parts by weight, and further with a pigment 
(e.g., titanium oxide, carbon black) , ultraviolet ray absorber 
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or aging inhibitor (radical chaining inhibitor), as required, 
and kneaded sufficiently uniformly by a kneader or paint roll. 
The composition is cured, when applied and exposed to moisture 
in air, into a rubber elastomer of good characteristics. 
5 [Curable composition (7) and its uses] 

The curable composition (7) of the present invention contains 
the curable composition with the silyl-containing 
ethylene/ct-olefin/non-conjugated polyene random copolymer 
rubber as the component (Al). More concretely, the curable 
O 10 composition (7) , containing (a) the organic polymer (Z) and (b) 
the silane-based compound substituted with amino group (B7) can 
be suitably used for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas, as described earlier. 
15 It is preferable, as described earlier, that the composition 

(7) is composed of: 

(a) the organic polymer (Z), 

(b) the monovalent silanol-based compound (Bl) , and 
the above-described silane-based compound substituted with 

20 amino group (B7), which is composed of: 

(c) the bifunctional aminosilane compound (B7-1) and 

(d) the trifunctional aminosilane compound (B7-2) . 
The curable composition (7) of the present invention can be 
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suitably used as sealants, potting agents, coating materials 
or adhesives for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas. 

In other words, the present invention can provide sealants, 
potting agents, coating materialsand adhesives, composed of the 
curable composition containing the organic polymer (Z) and 
silane-based compound substituted with amino group (B7). 
O It is preferable, as described earlier, that each of the 

sealants, potting agents, coating materials and adhesives is 
composed of: 

(a) the organic polymer (Z) , 

(b) the monovalent silanol-based compound (Bl), and 
the above-described silane-based compound substituted with 
amino group (B7), which is composed of: 

(c) the bifunctional aminosilane compound (B7-1) and 

(d) the trifunctional aminosilane compound (B7-2). 



Curable composition (8) 
20 The curable composition (8) of the present invention contains 

the silyl-containingethylene/a-olef in/non-conjugated polyene 

random copolymer rubber (Al), and a filler (F), a plasticizer 
(G) , a curing catalyst (H) and an organocarboxylate compound 
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(B8) . 

The curable composition (8) of the present invention exhibits 
excellent characteristics with respect to curing speed and 
resistance to weather, which is mainly derived from the 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) containing the hydrolyzable silyl group. 

[Filler (F) ] 

The filler (F) useful for the present invention is not limited. 
The concrete examples of the fillers include reinforcing fillers, 

e.g., fumed silica, settling silica, silicic anhydride, silicic 
hydride and carbon black; inorganic or organic fillers, e.g., 
calcium carbonate, magnesium carbonate, diatomaceous earth, 
fired clay, clay, talc, titanium oxide, bentonite, organic 
bentonite, ferric oxide, zinc oxide, activated zinc white, 
15 hydrogenated castor oil, PVC and polyolefin; fibrous fillers, 
e.g., asbestos and glass fibers or filaments; inorganic or 
organic balloons, e.g., those of silas, glass, saran and phenol . 
They may be used either individually or in combination. 

[Plasticizer (G) ] 
The plasticizer (G) useful for the present invention is not 
limited. The concrete examples of the plasticizers include 
phthalate esters, e.g., those of dibutyl phthalate, diheptyl 
phthalate, di (2-ethylhexyl) phthalate, dioxtyl phthalate, 
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butyl benzyl phthalate and butyl phthalyl butyl glycolate; 
non-aromatic, dibasic acid esters , e.g. , those of dioctyl adipate 
anddioctyl cebacate; esters of polyalkylene glycol , e.g., those 
of diethylene glycol dibenzoate and triethylene glycol 
dibenzoate; phosphate esters, e.g., those of tricresyl phosphate 
and tributyl phosphate; chlorinated paraffins; and 
hydrocarbon-based oils, e.g., alkyl diphenyl, polybutene, 
hydrogenated polybutene, ethylene/a-olef in oligomer , a-methyl 
styrene oligomer, biphenyl, triphenyl, triaryl dimethane, 
O 10 alkylene triphenyl, liquid polybutadiene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil, atactic 
polypropylene and partially hydrogenated ter-phenyl. 

These compounds may be used either individually or in 
combination. The plasticizer may be incorporated, while the 
15 polymer is produced. 

Of these, the hydrocarbon-based compounds are more preferable, 
because they are commonly used, low in cost and excellent in 
resistance to weather. 

[Curing catalyst (H) ] 
The curing catalyst (H) useful for the present invention is 
not limited. The concrete examples of the curing catalysts 
include silanol condensing catalysts, such as: titanate esters , 
e.g., those of tetrabutyl titanate and tetrapropyl titanate; 
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tin carbonates, e.g. , dibutyl tindilaurate, dibutyl tinmaleate, 
dibutyl tindiacetate, tin octylate and tin naphthenate; product 
of the reaction between dibutyl tin oxide and a phthalate ester; 
dibutyl tin acetylacetonate; organoaluminum compounds, e.g., 
5 aluminum trisacetylacetonate, aluminum trisethylacetoacetate 
anddiisopropoxy aluminum ethylacetoacetate ; chelate compounds, 
e.g., zirconium tetraacetylacetonate and titanium 
U tetraacetylacetonate; lead octylate; amine-based compounds, 

□ and salts of these compounds and carboxylates , e.g., butylamine, 

y 

O 10 octylamine, laurylamine, dibutylamine, monoethanolamme, 
diethanolamine, triethanolamine , diethylenetriamine, 
triethylenetetramine, oleylamine, cyclohexylamine , 
benzylamine, diethylaminopropylamine , xylylenediamine, 
triethylenediamine, guanidine, diphenylguanidine, 
15 2, 4, 6-tris (dimethylaminomethyl ) phenol, morpholine, N-methyl 
morpholine, 2-ethyl-4-methylimidazole and 
1, 8-diazabicyclo (5, 4, 0) undecene-7 (DBU); 

low-molecular-weight polyamide resins produced by the reactions 
between excessive quantities of polyamines and polybasic acids; 
products of the reactions between excessive quantities of 
polyamines and epoxy compounds; and amine-containing silane 
coupling agents, e.g., T -aminopropyl trimethoxysilane , 
N- (p-aminoethyl) aminopropyl methyldimethoxysilane . The 
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silanol condensing catalysts useful for the present invention 
are not limited to the above, and include the commonly used 
condensing catalysts, acidic or basic. These catalysts may be 
used either individually or in combination. 
5 Of these curing catalysts , more preferable ones are titanium- 

and tin-based ones, viewed from availability and cost 
performance . 

M= The curing condensing catalyst is incorporated preferably 

S at about 0.1 to 20 parts by weight per 100 parts by weight of 

si 

9 10 the silyl-containing ethylene/a-olef in/non-conjugated polyene 

Ul 

P. random copolymer rubber (Al) , more preferably 1 to 10 parts by 

weight. The catalyst content below the above-mentioned range 
is undesirable, because of insufficient curing speed and 
insufficient extent of the curing reaction, and the content 
15 beyond the above range is also undesirable, because of local 
heating or foaming occurring during the curing process to make 
it difficult to produce the cured product of good properties. 
[Organocarboxylate compound (B8)] 
The organocarboxylate compounds (B8) useful for the present 
20 invention include aliphatic monocarboxylic, aliphatic 
dicarboxylic, aliphatic polycarboxylic, and aromatic 
carboxylic acids. The concrete examples are described below 
for each type, although not limited thereto. 
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(1) Aliphatic monocarboxylic acids: 

(a) saturated aliphatic monocarboxylic acids, e.g., formic, 
acetic, acetoacetic, ethylmethylacetic, propionic, butyric, 
isobutyric, 2-ethylbutyric, ethoxybutyric, valeric, isovaleric, 

5 hexanic, 2-ethylhexanic, octanic, decanic, undecanic, stearic, 
glyoxylic, glycolic and gluconic acids; 

(b) olefinic monocarboxylic acids, e.g., acrylic, methacrylic, 
U angelic, crotonic, isocrotonic, 10-undecenic, elaidic, erucic 

□ and oleic acids; 

□ 10 (c) acetylenic monocarboxylic acids, e.g., propiolic acd; 

(d) diolefinic monocarboxylic acids, e.g., linolic and 
linoelaidic acids; 

(e) highly unsaturated monocarboxylic acids, e.g., linolenic 

and arachidonic acids; and - 

(f) halogen-substituted monocarboxylic acids, e.g., 
chloroacetic, 2-chloroacrylic and chlorobenzoic acids; 

(2) Aliphatic dicarboxylic acids: 

(a) saturated dicarboxylic acids, e.g., adipic, azelaic, 
ethylmalonic, glutaric, oxalic, malonic, succinic and 

20 oxydiacetic acids; and 

(b) unsaturated dicarboxylic acids, e.g., maleic, fumaric, 
acetylene dicarboxylic and itaconic acids; 

(3) Aliphatic polycarboxylic acids: 
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(a) tricarboxylic acids, e.g., aconitic, citric and isocitric 
acids 

(4) Aromatic carboxylic acids: 

(a) aromatic monocarboxylic acids, e.g., benzoic, 9-anthracene 
carboxylic, atrolactic, anisic, isopropyl benzoic, salicylic 
and toluylic acids; and 

(b) aromatic polycarboxylic acids, e.g., phthalic, isophthalic, 
terephthalic, carboxyphenylacetic and pyromellitic acids 

(5) Others 



U !Q Amino acids, e.g., alanine, leucine, threonine, aspartic 

ui 

R acid, glutamic acid, arginine, cysteine, methionine, 

""4 

JL phenylalanine, tryptophan and histidine 

q Any compound may be used for the organocarboxylic acid (B8) 

'•u 2 

D for the present invention, so long as it has at least one carboxyl 

ru 

15 group. These compounds may be used either indvidually or in 
combination. Of the above-described compounds, aliphatic 
monocarboxylic compounds are more preferable, those of 2 to 30 
carbon atoms being still more preferable. 

Content of the organocarboxylic acid (B8) can be set depending 

20 on purposes, e.g., improvement of curing speed or of curing delay 
after the composition is stored. It is however incorporated 
normally at 0.01 to 10 parts by weight per 100 parts by weight 
of the silyl-containing ethylene/a-olef in/non-con j ugated 
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polyene random copolymer rubber (Al), preferably 0.1 to 5 parts 
by weight, viewed from the balance between improvement effects 
and cost. 

[Other components ] 
The curable composition (8) of the present invention may be 
adequately incorporated, as required, with various additives, 
e.g., dehydrator, tackifier, property adjuster, storage 
stability improver, aging inhibitor, ultraviolet ray absorber, 



O metal deactivator, ozone-induced aging inhibitor, light 



D 10 stabilizer, amine-based radical chaining inhibitor, 

m 

' phosphorus-based peroxide decomposer, lubricant, pigment and 



foaming agent 



The dehydrators useful for the present invention include those 
reactive with water, particularly preferably hydrolyzable 



15 silicon compounds. The hydrolyzable silicon compound is a 
generic term for the low-molecular-weight silicon compounds 
having a hydrolyzable functional group reactive in the presence 
of moisture, normally preferably those having a molecular weight 
of 300 or less. It may contain any functional group, in addition 

20 to a hydrolyzable functional one. The hydrolyzable groups 

include alkoxyl, acyloxy, ketoximate, amino, aminoxy, amide and 
alkenyloxy. The other functional groups include epoxy-, amino-, 
acrylic- and mercapto-containing groups. 
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In addition to the dehydrator, an aminosilane compound may 
be incorporated as the tackifier agent and dehydrator. 

The aminosilane compounds useful for the present invention 
include amino-substituted alkoxysilanes and derivatives 
5 thereof. The concrete examples of these compounds include the 
products by the reactions of an amino-substituted alkoxysilane 
or derivative thereof, e.g., 

M 

pj 10 H 2 NCH 2 CH2CH 2 Si (OCH 3 ) 3 , 

^ H 2 NCH 2 CH2NHCH 2 CH2CH 2 Si (OCH 3 ) 3, 

O 



in 



CH 3 



tssp -1 r I 

S| X ° H 2 NCH2CH2NHCH 2 CH2CH 2 Si (OCH 3 ) 2 , 



5A* 
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Si 



(C 2 H 5 0) 3 SiCH 2 CH 2 CH 2 NHCH 2 CH 2 - 

-NHCH 2 CH 2 CH 2 Si (OC 2 H 5 ) 3 



with an epoxy silane, e.g., 

- CH 2 OCH 2 CH 2 CH 2 Si(OCH 3 ) 3 , 




25 




CH 2 CH 2 Si(OCH 3 ) 3 



30 or the above described amino-substituted alkoxysilane with an 
acryloylsilane, e.g., 
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CH 3 
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The product of the reaction of an amino-substituted 
alkoxysilane with epoxy silane compound or with acryloylsilane 
compound can be easily produced by stirring the silane compound 
and amino-substituted alkoxysilane, mixed in a molar ratio of 
0.2 to 5, at room temperature to 180°C for 1 to 8 hours. 

The amino-substituted alkoxysilane or derivative thereof is 
incorporated preferably at about 0.01 to 20 parts by weight per 
100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 

rubber (Al) . 

The adhesion improvers useful for ,the present invention 
includecommonlyusedadhesivesand S ilanecouplingagents,e.g., 

epoxysilane compounds and aminosilane compounds; and others. 
The concrete examples of these adhesion improvers include 
phenolic resins, epoxyresins, 7 -aminopropyl trimethoxysilane, 
N- (p-aminoethyl) aminopropyl methyldimethoxysilane, 
coumarone/indene resins, rosin ester resins, terpene/phenol 
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resins, a-methyl styrene/vinyl toluene copolymers, 
polyethylmethyl styrenes, alkyl titanates, and aromatic 

polyisocyanates . 

The storage stability improvers useful for the present 
5 invention include compounds with silicon to which a hydrolyzable 
group is bonded and esters of ortho-organic acids . The concrete 
examples of the storage stability improvers include 
5 methyltrimethoxy silane, methylt riethoxy silane, tetramethoxy 

O 

^ silane, ethyltrimethoxy silane, dimethyldiethoxy silane, 

S 10 trimethylisobutoxy silane, trimethyl (n-butoxy) silane, 

■3ST 

N n-butyltrimethoxy silane, and methyl orthof ormate . 

The aging inhibitors useful for the present invention include 
| commonly used known ones, e.g., sulfur-based ones, radical 

'hit 1 

W inhibitors and ultraviolet ray absorbers. 

15 The sulfur-based aging inhibitors useful for the present 

invention include mercaptans , salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
20 mercaptols, monothio acids, polythio acids, thioamides, and 
sulfoxides . 

More concretely, the sulfur-based aging inhibitors include 
mercaptans, e.g., 2-mercaptobenzothiazole; salt s of mercaptans , 
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e.g., zinc salt of 2-mercaptobenzothiazole; sulfides, e.g., 
4,4' -thio-bis ( 3-methyl-6-t-butyl phenol) , 
4,4' -thio-bis (2-methyl-6-t-butyl phenol) , 
2,2' -thio-bis ( 4-methyl-6-t-butyl phenol) , 
bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
terephthaloyldi(2,6-dimethyl-4-t-butyl-3-hydroxybenzyl) 

sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
dilauryl thiodipropionate , distearyl thiodipropionate , 
dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
I 10 distearyl (3,(3' -thiodibutyrate, lauryl-stearyl thiodipropionate 
and 2,2-thio[diethyl-bis-3(3,5-di-t-butyl-4-hydroxy 
phenol) propionate]; polysulf ides , e.g., 2-benzothiazole 



o 

SJ disulfide; dithiocarboxylates , e.g., zinc 



!u dibutyldithiocarbamate, zinc diethyldithiocarbamate , nickel 

15 dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl-phenyl-dithiocarbamate and zinc 
dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 
ethylene thiourea; and thiophosphates, e.g., 
trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
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efficiently than the other types for the composition of the 
present invention, controlling the problems, e.g., residual 

surface tackiness. 

The radical inhibitors useful for the present invention 

include phenol-based ones, e.g., 

2,2-methylene-bis(4-methyl-6-t-butyl phenol) and 
tetrakis[methylene-3-(3,5-di-t-butyl-4-h y droxyphenyl) P ropio 

nate] methane; and amine-based ones, e.g., 
5 phenyl-p-naphthylamine, ct-naphthylamine, 

N,N'-sec-butyl-p-phenylenediamine, phenothiazine and 
N,N' -diphenyl-p-phenylenediamine. 

The ultraviolet ray absorbers useful for the present invention 
include 2 _ (2 '-hydroxy-3',5'-di-t-butylphenyl) benzotriazole 
and bis(2,2,6,6-tetramethyl-4-piperidine) cebacate . 

The method of producing the composition (8) of the present 
invention is not limited. For example, the composition 
comprising the above-described components is kneaded at normal 
or elevated temperature by a mixer, roll or kneader, or mixing 
the components after being dissolved in a small quantity of an 
adequate solvent. These components are incorporated in an 
adequate ratio, to produce a one-liquid or two-liquid type 
curable composition . 

The curable composition (8) of the present invention forms 
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the three-dimensional network structures when exposed to 
m oisture in air, transforming itself into the solid showing 

rubber-like elasticity. 

[Curable composition (8) and its uses] 
The curable composition (8) of the present invention contains 
the curable composition with the hydrolyzable silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber as the component (Al) . More concretely, the curable 
3 composition (8) of the present invention contains (a) the organic 

' " 10 polymer (Z) , and a filler (F) , plasticizer (G) , curing catalyst 
J 3 (h, and organocarboxylate compound (B8) . It can be suitably 

used for electric/electronic device members, transportation 
chines, and civil engineering/construction, medical and 
'U leisure areas, as described earlier. 

The curable composition (8) of the present invention can be 
used as sealants, potting agent s , coating materials or adhesives 
for electric/electronic device members, transportation 
machines, and civil engineering/construction, medical and 
leisure areas. 

in other words, the present invention provides sealants, 
potting agents, coating materials and adhesives, composed of 
the curable composition, composed of the organic polymer (Z), 
and filler ( F) , plasticizer (G) . curing catalyst ,H, and 
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organocarboxylate compound (B8) . 

The curable composition of the present invention (8) is 
particularlyusefulforanelastomersealantforbuildings, ships, 

automobiles and roads. It is also useful for various types of 
sealant and adhesive compositions, because it is adhesive to 
a wide range of bases, e.g., formed shapes of glass , porcelain, 
lumber, metal s and resin in the presence or absence of primer. 
Moreover, it is also useful for tackifiers, paints, waterproof 
materials for coating films, food wrapping materials, shaping 
materials, casting rubber materials and foaming materials. 
M curable rubber compositi on (9) 

I The curable rubber composition (9) of the present invention 

\J contains the silyl-contammg 

I ethylene/a-olefin/non-conjugated polyene random copolymer 

16 rubber (Al) , alcohols (B9) and/or a hydrolyzable ester compound 
(I) (except a hydrolyzable organosilicon compound (BIO). 

[Alcohols (B9)] 
Of the alcohols (B9) and/or hydrolyzable ester compounds (I) 
(except a hydrolyzable organosilicon compound (BIO) ) useful for 
20 the present invention, the concrete examples of the alcohols 
(B9) include metahnol, ethanol, 2-methoxyethanol , sec-butanol 
and tert-butanol. Preferably, these mentioned alcohols are 
used for the present invention. 
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The alcohols (B9) are incorporated preferably at 5 to 40 parts 
by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (Al) , more preferably 7 to 30 parts, still more preferably 
> 10 to 20 parts by weight. At below 5 parts, they may not 
sufficiently improve the storage stability of the curing 
composition as one of the objects of the present invention. At 
above 40 parts, on the other hand, a phenomenon known as brushing 
may occur, which may make not only the composition itself but 
£ 10 also coating film thereof turbid white. 

[Hydrolyzable ester compound (I)] 
Of the alcohols (B9) and/or hydrolyzable ester compounds (I) 
(except a hydrolyzable organosilicon compound (B10) ) useful for 
the present invention, the hydrolyzable ester compounds (I) are 
15 preferably alkyl orthof ormates . The concrete examples of alkyl 
orthoformates include methyl orthof ormate , ethyl orthof ormate, 
propyl orthoformate, butyl orthoformate and orthophenyl, of 
which methyl orthoformate and ethyl orthoformate are more 
preferable. The hydrolyzable ester compounds (I) is 
20 incorporated preferably at 3 to 30 parts by weight per 100 parts 
by weight of the silyl-containing ethylene/a-olef in/ 
non-conjugated polyene random copolymer rubber (Al), more 
preferably 5 to 20 parts, still more preferably 10 to 20 parts 
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by weight. At below 3 parts, it may not sufficiently improve 
the storage stability of the curing composition as one of the 
objects of the present invention. The upper limit of its content 
is not limited, but it is not highly economical to use it at 

above 30 parts. 

[Hydrolyzable organosilicon compound (BIO)] 
The hydrolyzable organosilicon compounds (BIO) useful for 
the present invention include alkoxysilane compounds. The 
concrete examples of these compounds include trimethoxysilane , 

m 10 triethoxysilane, methyldiethoxysilane , methyldimethoxysilane, 
□ 

H phenyldimethoxysilane, ethyldiethoxysilane, 

ethyldimethoxysilane, butyldiethoxysilane, 
butyldimethoxysilane, methyltrimethoxysilane, 
ethyltrimethoxysilane, butyltrimethoxysilane, 
15 phenyltrimethoxysilane, methyltriethoxysilane , 
ethyltriethoxysilane, butyltriethoxysilane, 
phenyltriethoxysilane, dimethyldiethoxysilane , 
dibutyldiethoxysilane, and diphenyldiethoxysilane . 

Thehydrolyzableorganosilicon compound (BIO) is incorporated 
20 preferably at 2 to 20 parts by weight per 100 parts by weight 
of the silyl-containing ethylene/ct-olef in/non-con j ugated 
polyene random copolymer rubber (Al) , more preferably 2 to 15 
parts, still more preferably 2 to 10 parts byweight. At below 
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2 parts, it may not sufficiently improve the storage stability 
of the curing composition as one of the objects of the present 
invention. At above 20 parts, on the other hand, the cured 
coating film may become fragile. 

[Curing Promotors] 
A curing promoter is not essential for curing the curable 
rubber composition of the present invention. The curing 
□ promoters useful for the present invention, when used, include 

an alkyl titanate, metal salt of carboxylic acid (e.g., tin 
octylate and dibutyl tin laurate) , amine salt (e.g., 
* dibutylamine-2-hexoate) , and other acidio and basic catalysts . 

The curing promoter is incorporated preferably at 0.001 to 
10 parts by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 

15 rubber (Al) . 

[Other components] 
The curable rubber composition (9) of the present invention 
may be incorporated, as required, with one or more additives 
within limits not detrimental to the object of the present 
20 invention. The additives useful for the present invention 
include adhesion improver, property adjuster, storage stability 
improver, plasticizer, filler; aging inhibitor , ultraviolet ray 
absorber, metal deactivator, ozone-caused aging inhibitor, 
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Ught stabilizer, amine-based radical chaining inhibitor,- 
ph osphorus-base d peroxide decomposer, iubricant, pigment, and 
foaming agent. 

Th e adhesion improvers usefui for the present invention 
incl udecommonlyusedadhesivesandsilanecouplingagents, e.g. , 

aminosilane compounds and epoxy siiane compounds, and others. 
Th e concrete examples of these adhesion improvers include 
S pnenolic resins, epoxy resins, T -aminopropyl tr imethoxysilane , 

„- ( p-aminoethyl> aminopropyl methyldimethoxysilane , 

r one/indene resins, rosin ester resins, terpene/phenol 
resins, a-methyl styrene/vinyl toluene copolymers, 
polyethylmethyl styrenes, .Ikyl titanates, and aromatic 
polyisocyanates. The adhesion improver, when used, is 
incorporated preferably at about 1 to 50 parts by -eight per 
15 100 parts by weight of the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (All, more preferably 5 to 30 parts by weight. 

Th e storage stability improvers useful for the present 
invention include esters of ortho-organic acids (other than an 
20 alxyl orthof ormate, . The storage stability improver, when used, 
is incorporated preferably at about 0.5 to 20 parts by weight 
per 100 parts by weight of the silyl-containing 
ethylene/o-olefin/non-conjugated polyene random copolymer 
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rubber (Al) , more preferably 1 to 10 parts by weight. 

The plasticizer useful for the present invention is also not 
limited, and any commonly used one may be used. Preferably, 
it should be compatible with each component for the rubber 
5 composition (9) of the present invention. 

The concrete examples of these plasticizers include: 
hydrocarbon-based compounds, e . g . , polybutene, hydrogenated 
g polybutene, ethylene/a-olef in oligomer, a-methyl styrene 

1 oligomer, biphenyl, triphenyl, triaryl dimethane, alkylene 

I 10 triphenyl, liguid polybutadiene, hydrogenated liquid 
H polybutadiene, alkyl diphenyl, partially hydrogenated 

H ter-phenyl, paraffin oil, naphthene oil and atactic 

polypropylene; 

parafin chlorides; 

phthalate esters, e.g., those of dibutyl phthalate, diheptyl 
phthalate, di (2-ethylhexyl ) phthalate, butyl benzyl phthalate 
and butyl phthalyl butyl glycolate; 

non-aromatic, dibasic acid esters, e.g., those of dioctyl 
adipate and dioctyl cebacate; 

esters of polyalkylene glycol, e.g., those of diethylene 
glycol benzoate and triethylene glycol dibenzoate; and 

phosphate esters, e.g., those of tricresyl phosphate and 
tributyl phosphate. Of these, saturated hydrocarbon-based 
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compounds are more preferable. They may be used either 
individually or in combination. 

Of the above-described compounds, hydrocarbon-based 
compounds free of unsaturated group, e.g., hydrogenated 
pclybutene, hydrogenated liquid polybutadiene, paraffin oil, 
naphthene oil and atactic polypropylene, are more preferable 
fcrvarious reasons, e.g., high compatibility with each component 
fcrthe rubber composition (9) of the present invention, limited 
S effects on curing speed of the rubber composition, good 

% ,o resistance to weather of the cured product, and cheapness. 

The plasticizer may be used in place of the solvent during 
the process of introducing a hydrolyzable silyl group into the 
above-described ethylene/a-clef in/non-conjugated polyene 
random copolymer rubber (A„) , for the purposes of , e.g. , adjusting 
„ reaction temperature and viscosity of the reaction system. 

The plasticizer is incorporated preferably at about 10 to 
500partsbyweight P erl00partsbyweightofthesilyl-containing 

ethylene/<x-olefin/non-conjugated polyene random copolymer 
rubber (Al), more preferably about 20 to 300 parts. 
20 The concrete examples of the fillers include wood powder, 

pulp, cotton chips, asbestos, glass fibers, carbon fibers, mica, 
walnut shell powder, graphite, diatomaceous earth, white clay, 
fumed silica, settling silica, silicic anhydride, carbon black, 
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calcium carbonate, clay, talc, titanium oxide, magnesium 
carbonate, quartz, fine aluminum powder, flint powder, and zinc 
powder. Of these, more preferable ones are thixotropic fillers, 
e.g., settling silica , fumed silica and carbon black; and calcium 
carbonate, titanium oxide and talc. The filler, when used, is 
incorporated preferably at about 10 to 500 parts by weight per 
100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , more preferably about 20 to 300 parts by weight. 

The aging inhibitors useful for the present invention include 
commonly used known ones, e.g., sulfur-based ones, radical 
inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans, salt s thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
mercaptols, monothio acids, polythio acids, thioamides , and 
sulfoxides . 

More concretely, the sulfur-based aging inhibitors include: 
mercaptans, e.g., 2-mercaptobenzothiazole; 
salts of mercaptans, e.g., zinc salt of 
2-mercaptobenzothiazole; 
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sulfides, e.g., 4. 4' -thio-bis <3-methyl-6-t-butyl ph.no!) . 
4 , 4- -thio-bis (2-methyl-6-t-butyl phenol) , 
2,2' -thio-bis (4-methyl-6-t-butyl phenol) , 
bis (3-methyl-4-hydro*y-5-t-but y lbenzyl) sulfide, 
5 Perephthaloyl di (2, 6-dimethyl-4-t-butyl-3-hydroxyben 2 yl) 

sulfide, phenothiazine, 2, 2' -thio-bis (4-ootyl phenol) nickel, 
dilauryl thiodipropionate, distearyl thiodipropionate, 
t dimyristyl thiodipropionate, ditrideoyl thiodipropionate, 

S dis tearylp,p'-thiodibutyrate, lauryl-stearyl thiodipropionate 

g 10 and 2,2-thio[diethyl-bis-3 ( 3,5-di-t-butyl-4-hydroxy 

H phenol) propionate] ; 

polysulfides, e.g., 2-benzothiazole disulfide; 

i 4-^. „ rr zincdibutyldithiocarbamate, zinc 
dithiocarboxylates, e.g., zmcuxuu y 

*-« nirkPl dibutvldithiocarbamate, zinc 
diethyldithiocarbamate, nickel aioui-yx 

15 di-n-butyldithiocarbamate, dibutyl ammonium 

4- Q 7 i nr ethvl-phenyl-dithiocarbamate and 
dibutyldithiocarbamate, zxncetnyi pnei y 

zinc dimethyldithiocarbamate; 

thioureas, e.g.. 
di-o-tolyl-thiourea and ethylene thiourea; and 
20 thiophosphates, e.g., trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the curable rubber 
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^position of the present invention, controlling the problems, 
e.g., residual surface tackiness. 

The radical inhibitors useful for the present invention 

include phenol-based ones, e.g., 
5 2 ,2-methylene-bis(4-methyl-6-t-butyl phenol) and 

tet ra*is t methylene-3-<3,5-di-t-butyl-4-„ydro X yphenyl,propio 

natel methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, a-naphtbylamine, 
N , N .-sec-butyl-p- P henylenediamine, phenothiazine and 
10 N, N' -diphenyl-p-phenylenediamine . 

The ultraviolet ray absorbers useful for the present invention 
include 2 - (2 .-hydroxy-3.,5'-di-t-butylphenyl, benzotriazole 
and bis,2,2,6,6-tetramethyl-4-piperidine, cebacate. 

The aging inhibitor, when used, is incorporated at about 0.1 
15 to 20 parts by weight per 100 parts by weight of the 

silyl -containing ethylene/a-olefin/non-con: ugated polyene 
ra ndom copolymer rubber <A1> , preferably 1 to 10 parts by weight . 
[Curable rubber composition (9)] 

iq\ r^-f thp nresent invention 
The curable rubber composition (9) of the prese 

20 contains, as described earlier, the silyl-oontaining 

ethylene/oo-olefin/non-conjugated polyene random copolymer 
rubber (R1) , alcohols (B9, and/or a hydrolyzable ester (1), 
preferably an alKyl orthof ormate, a hydrolyzable organosilicon 
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compound (BIO), preferably an alkoxysilane compound, and, as 
required, a curable promoter. 

[Preparation of curable rubber composition (9)] 
The method of preparing the curable rubber composition (9) 
5 is not limited. One example is kneading the silyl-oontaining 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) together with the alcohols (B9) and/or hydrolyzable 
ester (I), hydrolyzable organosilicon compound (BIO), and, as 
required, one or more additives , e . g ., curing promoter , adhesion 
10 improver, property adjuster, storage stability improver, 

plasticizer, filler and pigment, to uniformly disperse these 
components in the copolymer rubber. The composition is kneaded 
O at room temperature to 180°C for 30 seconds to 30 minutes by 

a planetary mixer, roll, kneader or intermix mixer. 
L5 The composition thus prepared is applicable to one-liquid 

type curable composition, to say nothing of two-liquid type. 
For the one-liquid type, it is essential to remove moisture from 
the composition when the copolymer rubber (Al) is dispersed with 
the other components. It can withstand storage for extended 
20 periods when kept in a closed condition, and quickly starts curing 
from the surface when exposed to the atmosphere. Moisture can 
be preferably removed from the composition under heating or by 
use of a mixer equipped with a pressure reducing device. 
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rcurable rubber composition (9) and i ts uses] 
The curable composition (9) of the present invention contains , 
as described earlier, the curable composition with the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 
5 random copolymer rubber as the component (Al) . More concretely , 
the curable composition (9) of the present invention contains 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 

random copolymer rubber (Al) , alcohols (B9) and/or a hydrolyzable 
ester (I), a hydrolyzable organosilicon compound (BIO), and, 
10 as required, a curable promoter. It can be suitably used for 
electric/electronic device members, transportation machines, 
and civil engineering/construction, medical and leisure areas, 

as described earlier. 

The curable rubber composition of the present invention (9) 
15 can be suitably used as sealants, potting agents, coating 
materials or adhesives for electric/electronic device members, 
transportation machines, and civil engineering/construction, 

and leisure areas. 

Curable rubber composition (10) 
20 The curable rubber composition (10) of the present invention 

is a two- or multi-liquid type curable rubber composition 
composed of at least two liquids, i.e., the major ingredient 
(I) containing the silyl-containing 
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ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) , and a curing agent (II) containing a silanol 
condensing (curing) catalyst (J) and water or a hydrate of a 
metallic salt (BID . The major ingredient (II) may be further 
5 incorporated with a silane coupling agent. 

The curing agent (II) contains a silanol condensing catalyst 
(j) and water or a hydrate of a metallic salt (Bll) . 
p [Silanol condensing (curing) catalyst (J)] 

H The silanol condensing (curing) catalyst (J) as one of the 

| 10 components for the hardening agent (II) for the present invention 

may be a known one. 

The concrete examples of the silanol condensing (curing) 
catalysts useful for the present invention include: 

titanate esters, e.g., those of tetrabutyl titanate and 

15 tetrapropyl titanate; 

tin carbonates, e.g., dibutyl tin dilaurate, dibutyl tin 
diacetate, dibutyl tin diethylhexanoate, dibutyl tin dioctyiate , 
dibutyl tin dimethylmaleate, dibutyl tin diethylmaleate, 
dibutyl tin dibutylmaleate, dibutyl tin diisooctylmaleate , 
20 dibutyl tin ditridecylmaleate , dibutyl tin dibenzylmaleate , 
dibutyl tinmaleate, dibutyl tin diacetate, tinoctylate, dioctyl 
tin distearate, dioctyl tin dilaurate, dioctyl tin 
diethylmaleate, dioctyl tin diisooctylmaleate, dioctyl tin 
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versatate and tin naphthenate; 

tin alkoxides, e.g., dibutyl tin dimethoxide, dibutyl tin 
diphenoxide and dibutyl tin diisopropoxide ; 

tin oxides, e.g., dibutyl tin oxide and dioctyl tin oxide; 
produot of the reaction between dibutyl tin oxide and phthalate 
ester; 

dibutyl tin bisacetylacetonate; 
organoaluminum compounds, e.g., aluminum 
trisacetylacetonate, aluminum trisethylacetoacetate and 
S 10 diisopropoxy aluminum ethylacetoacetate ; 

chelate compounds, e.g., zirconium tetraacetylacetonate and 
titanium tetraacetylacetonate; 
lead octylate; 

amine-based compounds, and salts of these compounds and 
.5 carboxylates, e.g., butylamine, octylamine, laurylamine, 
dibutylamine, monoethanolamine, diethanolamine, 
triethanolamine, diethylenetriamine , 
oleylamine, cyclohexylamine, benzylamine, 

diethylaminopropylamine, xylylenediamine, triethylenediamine, 

20 guanidine, diphenylguanidine, 

2,4,6-tris(dimethylaminomethyl) phenol, morpholine, N-methyl 
morpholine, 2-ethyl-4-methylimidazole and 
l,8-diazabicyclo(5,4,0) undecene-7 (DBU) ; 
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low-molecular-weight polyamide resins produced by the 
reactions between excessive quantities of polyamines and 

polybasic acids; 

products of the reactions between excessive quantities of 

polyamines and epoxy compounds; 

amino-containing silane coupling agents, e.g., 7 
-aminopropyl trimethoxy silane andN- ( P -aminoethyl ) aminopropyl 
methyldimethoxy silane) ; and 

other known silanol condensing catalysts, acidic or basic. 
Of these catalysts, the more preferable ones are tetravalent 
tin compounds, in particular dialkoxy tin dialkoxides, more 
specifically dibutyl tin bisacetylacetonate, dibutyl tin 
dimethoxide and dibutyl tin dipropoxide, when quick curing at 
room temperature is required. The effects of the present 
invention will be exhibited more significantly when the 
tetravalent tin compound, e . g . , dialkyl tin dialkoxide , is used, 
because it shows essentially neither deactivation when mixed 
with water or a hydrate of metallic salt in the curing agent, 
nor deterioration in curing speed after being stored. 
20 These catalysts may be used either individually or in 

combination . 

The silanol condensing catalyst (J) is incorporated in the 
curing agent (II) component preferably at about 0.1 to 20 parts 
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by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) in the major ingredient (I), more preferably 1 to 
10 parts by weight. The silanol condensing catalyst (J) content 
5 below the above-mentioned range is undesirable, because of 
insufficient curing speed and insufficient extent of the curing 
reaction . The content beyond the above range is also undesirable, 
S because it may cause local heating or foaming occurring during 

the curing process to make it difficult to produce the cured 
product of good properties, and unacceptably short pot life. 
It is also undesirable viewed from its workability. 

[Water or hydrate of a metallic salt (BID ] 
Of the water or hydrate of a metallic salt (BID in the curing 
agent (II) component for the present invention, the hydrate of 
a metallic salt serves as the water source necessary for 
condensing/curing the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) in the ma j or ingredient (I) component, and promotes 
formation of the crosslinked structures. 

The common commercial hydrates of metallic salts can be widely 
used for the present invention. They include hydrates of 
alkali-earth metals and other metals. The concrete examples 
of these hydrates include Al 2 0 3 .H 2 O, Al 2 0 3 -3H 2 0, Al 2 (S0 4 ) 3 ' 18H 2 0, 
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A1 2 (C 2 0 4 ) 3'4H 2 0, AlNa(S0 4)2 .12H 2 0, AlK (SO4) 2* 12H 2 0, BaCl 2 -2H 2 0, 
Ba(OH) 2 .8H 2 0, CaS0 4 .2H 2 0, CaS 2 0 3 .6H 2 0, Ca (NO,) a - 4H 2 0, CaHPCWH.O, 
Ca(C 2 0 4 ).H 2 0, Co(N0 3 ) 2 '6H 2 0, Co (CH 3 COO) 2 - 4H 2 0, CuCl 2 .2H 2 0, 
CuS0 4 .5H 2 0, FeCl 2 .4H 2 0, FeCl 3 .6H 2 0, FeS0 4 .7H 2 0, 
5 F e(NH 4 )(S0 4 ) 2 .12H 2 0, K 2 C0 3 . 1 . 5H 2 0, KNaC0 3 .6H 2 0, LiBr • 2H 2 0, 

Li 2 S0 4 .H 2 0, MgS0 4 .H 2 0, MgS0 4 .7H 2 0, MgHPOWH.O, Mg 3 ( P0 4 ) 2 • 8H 2 0 , 
M gC0 3 .3H 2 0,Mg 4 (C0 3 ) 3 (OH) 2 .3H 2 0, M o0 3 .2H 2 0,NaBr.2H 2 0,Na 2 S0 3 .7H 2 0, 

g Na 2 SO 4 .10H 2 O, Na 2 S 2 0 3 .5H 2 0, Na 2 S 2 0 6 - 2H 2 0, Na 2 B 4 0 7 • 1 0H 2 O, 

NaHPH0 3 '2.5H 2 0, Na 3 P0 4 • 12H 2 0, Na 2 C0 3 .H 2 0, Na 2 C0 3 .7H 2 0, 
Na 2 CO 3 .10H 2 O, NaCH 3 C0O.3H 2 0, NaHC 2 0 4 .H 2 0, NiS0 4 .6H 2 0, NiC 2 0 4 .2H 2 0, 
Sn0 2 .nH 2 0, N iC 2 O 4 .2H 2 0, Sn ( S0 4 ) 2 • 2H 2 0 , ZnS0 3 .2H 2 0, ZnS0 4 .7H 2 0, 
Zn 3 (P0 4 ) 2 '4H 2 0 and Zn (CH 3 COO) 2 • 2H 2 0 . 

Of these, the hydrates of alkali and alkali-earth metals are 
I more preferable. The concrete examples of these hydrates 

15 include MgS0 4 .7H 2 0, Na 2 C0 3 • 10H 2 O, Na 2 S0 4 • 10H 2 O, Na 2 S 2 Q 3 • 5H 2 0, 

Na 3 P0 4 *12H 2 0 and Na 2 B 4 0 7 • 10H 2 O . 

-p mQ( - 3 iiir salts may be used either 
These hydrates of metallic saitb may 

individually or in combination. 

W henwaterisusedforthepresentinvention,itisincor P orated 

preferably at 0.01 to 25 parts by weight per 100 parts by weight 
of the silyl-containing ethylene/cx-olef in/non-con j ugated 
polyene random copolymer rubber (Al) , more preferably 0.05 to 
15 parts, still more preferably 0 . 2 to 5 parts by weight. 
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The hydrate of metallic salts is incorporated preferably at 
0.0! to 50 parts by weight per 100 parts by weight of the 
silyl -containing ethylene/a-olefin/non-conjugated polyene 
random copolymer rubber (A 1, , .ore preferably 0.1 to 30 parts, 
still more preferably 1 to 20 parts, most preferably 2 to 10 
parts by weight. 

^-i-Mr* eaits mav be used either 
The water and hydrates of metallic salts may 

individually or in combination. 

[Other components] 

■ ^ • i i n \ nf thp nresent invention 
The curable rubber composition (10) of the prese 

may be incorporated with various additives. 

These additives may be represented by tacUf ier, which is 
represented by silane coupling agent, although not limited 
thereto . 

The silane coupling agent is a compound having a group 
containing silicon atom to which a hydrolyzable group is bonded 
hereinafter referred to as hydrolyzable silicon group, and one 
or m ore other groups. The examples of the hydrolyzable silicon 
gro up include those represented by the following general formula 
,1, , preferabXy those represented by the general formula (2, : 



2-b 



Si O Si— Xa 



Xb 



m 
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(1) 

atoms, aryl group of 6 to 20 carbon atoms, aralxyl group of 7 
5 to 20 carbon atoms, or triorganosiloxy croup represented by 
(R , )3Si0 - (R -s are each a hydrocarbon croup of 1 to 20 carbon 
atoms, which may be substituted or not substituted; 
X is a hydrolyzable group; and 

„r n to 3 "b" is an integer of 0 to 2, 
-a" is an integer of 0 to J, 

v. „ -a" and »b" are not simultaneously zero; and »m» is an 
10 wherein a ana jj 

integer of 0 to 19, 



R 2 3 -a 



15 



- Si - X, 



(2) 



wl 



20 



Herein, R 2 , X and "a" are the same as those for the general 
formula ( 1) • 

These hydrolyzable groups include hydrogen atom, .Ikoxyl. 
acyloxy, xetoxymate, amine, amide, aminoxy, mercapto and 
' alxenyloxy, which are commonly used. Of these, the more 
referable ones include methoxy and ethoxy groups, because of 
their high hydrolysis speed. The silane coupling agent 

• o 9 nr more hydrolyzable groups, more 
25 preferably contains 2 or more nyu y 

preferably 3 or more. 
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The function,! .roups, other than the hydrolyzable silicon 
useful for represent invention includeprimary, secondary 
and tertiary amino, mercapto, epoxy, carboxyl, vinyl, isocyanate 
and isocyanurate groups, and halogen atom. 
„ Of these, the .ore preferable ones include primary, secondary 
an d tertiary amino, epoxy, rsocyanate and isocyanurate groups 
andp articularlypreferableonesareisocyanateandepoxygrcups. 

for the present invention 
% The silane coupling agents useful for the p 

\xe£> 
□ 

S| include: 

n 

5 10 amino-containing silanes, e.g., 

° = r-aminopropyltriethoxysilane, 

^ -aminopropyltrimethoxysrlane, T amrnop py 

T -amino P ropylmethyldimethoxysilane, 
aminopropyltrimethoxysilane, T - ,2-aminoethyl, 
aminopropylmethyldimethoxysilane, 

» aminopropyltriethoxysilane, r- (2-aminoethyl, 

r nreidopropyltrimethoxysilane, 
aminopropyltriethoxysxlane, 7-urexdopr py 

.-v, n -r-aminooropyltriethoxysilane 
n -p-(n-vinylbenzylamxnoethyl)-7 aminopr py 

and r-anilinopro P yltrimethoxysilane; 
mercapto-containing silanes, e.g., 7 
20 -mercaptopropyltrimethoxysilane, T 
-mercaptopropyltriethoxysilane, 7 
-raercaptopropylmethyldimethoxysilane andT 
-mercaptopropylmethyldiethoxysilane; 
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epoxy-containing silanes, e.g., T 
-glycidoxypropyltrimethoxysilane, T 
-glycidoxypropyltriethoxysilane, 7 
-glycidoxypropylmethyldimethoxysilane and 
5 p-(3,4-epoxycyclohexyl)ethyltriethoxysilane; 

carboxysilanes, e.g., P -carboxyethyltriethoxysilane, 
p-carboxyethylphenylbis ( 2-methoxyethoxy) silane and 
p n _p_ (carboxymethylaminoethyl) - 7 

5 

SJ -aminopropyltrimethoxysilane; 

silane s containing a vinyl type unsaturated group, e.g., 
vinyltrimethoxysilane, vinyltriethoxysilane, 7 
-methacryloyloxypropylmethyldimethoxysilane and 7 
-acryloyloxypropylmethyltriethoxysilane; 
halogen-containing silanes, e.g.,T 
.5 -chloropropyltrimethoxysilane; 

silane isocyanurates , e.g., 
tris(trimethoxysilyl)isocyanurate; and 

isocyanate-containing silanes, e.g., T-isocyanate 
propyltrimethoxysilane and r-isocyanate 
20 propyltriethoxysilane. 

Moreover, the modifications of these compounds as their 
derivatives are also useful as the silane coupling agents . These 
compounds include amino-modif led srlyl polymers, silylated 



tssr 
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amine polymers, unsaturated aminosilane complexes, block 
isocyanate silanes, phenylamino-long chain-alkyl silanes 
aminosilylated silicone and silylated polyesters. 

These silane coupling agents tend to be hydrolyzed easily 
5 in the presence of moisture, but can be kept stable when 

incorporated in the major ingredient (I, for the curable rubber 
composition (10) of the present invention. 
S It is needless to say that a compound having epoxy or isocyanate 

group in the molecule (including isocyanate polymer) can be used 
as the tackifier other than a silane coupling agent without 

^ causing any problem. 

These tackifiers may be used either individually or in 



O 



LJ 



UJ 

Cl combination 



o 

rii 



The tackifier is incorporated for the present invention at 
L5 0.01 to 20 parts by weight per 100 parts by weight of the 
silyl-containing ethylene/a-olef in/non-con jugated polyene 
random copolymer rubber (AD, particularly preferably 0 . 1 to 

10 parts by weight. 

The curable rubber composition (10) may be further modified 

20 with one or more of various fillers. 

The fillers useful for the present invention include: 
reinforcing fillers, e.g., fumed silica, settling silica, 
silicic anhydride, silicic hydride, talc and carbon black; 
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other fillers, e.g., limestone powder, gelatinized calcium 
carbonate, diatomaceous earth, firedclay, clay, titanium oxide , 
bentonite, organic bentonite, ferric oxide, zinc oxide and 
activated zinc white; and 

fibrous fillers, e.g., glass fibers or filaments. 
Of these, the reinforcing silica, mainly of fumed silica, 
settling silica, silicic anhydride, silicic hydride, talc or 
carbon black, is used when the curable rubber composition of 
high strength is to be produced. The cured product of high 
8 10 strength and modulus can be prepared, when it is incorporated 
at 1 to 100 parts by weight per 100 parts by weight of the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (Al) in the major ingredient (I) for 
the present invention. 

On the other hand, when the cured product of low modulus and 
high elongation is to be produced, it is recommended to 
incorporate the other type of filler, e.g., limestone powder, 
gelatinized calcium carbonate, diatomaceous earth, fired clay, 
clay, titaniumoxide, bentonite, organic bentonite, ferric oxide, 
zinc oxide or activated zinc white at 5 to 400 parts by weight 
per 100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) in the ma j or ingredient (I) for the present invention . 
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These fillers may be used either individually or in 
combination . 

The filler may be incorporated in the major ingredient (I) 
component or ouring agent (II) component, or both. 

When incorporated with a plasticizer in combination with the 
filler, the curable rubber component (10) of the present 
invention will have one or more additional advantages, e.g., 
further improved elongation of the cured product and a larger 
quantity of the filler being incorporated. 

For the plasticizer, any commonly used one may be used. 
Preferably, it should be compatible with the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 

O rubber (Al) . 

The concrete examples of the plasticizers include process 
oil, polybutene, hydrogenated polybutene, a-methyl styrene 
oligomer, liquid polybutadiene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene. Of these, more preferable ones are the 
hydrocarbon-based compounds free of unsaturated group, e.g., 
process oil, hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil and naphthene oil. 

The concrete examples of the plasticizers include process 
oil, paraffin oil, naphthene oil, polybutadiene and 
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ethylene /a-olefin oligomer. The plasticizer may be used in 
pl ace of the solvent during the process of introducing a 
hy drolyzable silyl group into the above-described 
.thylene/a-olefin/non-conjugated polyene random copolymer 

4T ^ ^ Afiiiistina reaction 
rubber (A.), for the purposes of, e.g., adjust! g 

temperature and viscosity of the reaction system. 

The curable rubber composition ,10, of the present invention 
may be adequately incorporated, as reguired, with various 
additives, e.g., antioxidant, ultraviolet ray absorber, light 
stabilizer, flame retardant, thixotropy enhancer, pigment and 
surfactant, within limits not detrimental to the o bj ects of the 
invention . 

Th e curable rubber composition (10, of the present invention 
may be used for either two-liguid composition or liguid 
, ^position comprising three or more types of liguids. when 

U sed for a two-liquid composition, for example, the initial 
properties of the cured product can be stably realized, when 
the major ingredient (I, incorporated with filler, plasticizer 
or the like and the curable agent (II, incorporated with filler, 
„ pl asticizer or the like, separately prepared for the present 
invention, are mixed with each other mediately before the 
two-liguid composition is used, even after they are stored for 
extended periods. 
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The curable rubber composition (10, of the present invention 
is useful mainly for a ourable elastomer composition, which can 
be suitably used as sealants for electric/electronic device 
members, civil engineering works (e.g., stopping water,, 
b uildings, ships automobiles and roads. It is also useful for 
various types of adhesrve compositions, because it is fast 
adhesive to widely varying base materials, e.g., glass, stone, 
ceramics, lumber, synthetic resins and metals, in the absence 
of primer. 

The curable rubber composition (10, of the present invention 
is particularly useful as a sealant for laminated glass, stably 
exhibiting its adhesion for extended periods for, e.g., float 
gla ss and various types of surface-treated heat ray reflective 
gl ass, and spacers of pure aluminum and aluminum produced by 

15 anodization. 

(Curable rubber _ J ccm !CJ ^ij2iL-L l ° ' and ^ JlSiH 
The curable rubber composition (10, of the present invention 
contains, as described earlier, the curable composition with 
the silyl-containing ethylene/a-olef in/non-con jU gated polyene 
20 random copolymer rubber as the component ,A1». 

the curable composition ,10, of the present invention contains 
at least the major ingredient (I, containing the organic polymer 
and a curing agent (II) containing a silanol condensing 
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catalyst (J) and water or a hydrate of a metallic salt (BID . 
It can be suitably used for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas, as described earlier. 

The curable rubber composition (10) of the present invention 
can be used as sealants, potting agents, coating materials or 
adhesives for electric/electronic device members, 
transportation machines, and civil engineering/construction, 

medical and leisure areas. 

jyj 1Q Rubber co mposition (11) 

• • in i ^-f -t-ho nrp<;ent invention contains 
The rubber composxtxon (11) of the present xi 

the specific silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
□ rubber ( A2) and an organosilicon polymer (Kl) . 

The silyl-containing ethylene/a-olef in/non-conjugated 
polyene random copolymer rubber (A2) (hereinafter sometimes 
referred to as "silyl-containing copolymer rubber (A2 )) contains 
a hydrolyzable silyl group, represented by the following general 
formula (1), preferably having a structural unit derived from 
a norbornene compound as the non-conjugated polyene with at least 
one specific terminal vinyl group, represented by the 
above-described general formula (4) or (5) , and the hydrolyzable 
silyl group represented by the following general formula (1) 
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in the side chain or at the terminal of the 
ethylene/oc-olefin/non-conjugated polyene random copolymer 

rubber: 

I 

- SiX3- m 

(1) 



4*1 

m 



ru 



10 wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms, which may be substituted or not substituted, preferably 
a monovalent hydrocarbon group not having aliphatic unsaturated 
bonds, e.g., alkyl group (e.g., methyl, ethyl, propyl, butyl, 
hexyl or cyclohexyl) , aryl group (e.g., phenyl or tolyl) or the 
15 above-described group whose hydrogen atom bonded to the carbon 
atom is totally or partly substituted with a halogen (e.g., 
fluorine) ; X is a group selected from the group consisting of 
hydride, halogen, alkoxyl, acyloxy, ketoxymate, amide, acid 
amide, aminoxy, thioalkoxy, amino, mercapto and alkenyloxy, of 
20 which alkoxyl, in particular having 1 to 4 carbon atoms, is more 
preferable; and V is an integer of 0 to 2, preferably 0 or 
1. 

The silyl group represented by the general formula (1) is 
the same as the hydrolyzable silyl group represented by the 
25 general formula [III] for the ethylene/a-olef in/non-con j ugated 
polyene random copolymer rubber- (Al) - 
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The silyl-containing ethylene/a-olef in/non-con jugated 
polyene random copolymer rubber (A2) normally has at least one 
type of silyl group represented by the following general formula 
(2) or (3) : 

Rm 




CH ? 



SiX 



3-m 



m 10 



(2) 



c 

few? 



15 




CH 2 - 
R 3 



R, 



m 

l 

SiX 



3-m 



(3) 



wherein, R is a monovalent hydrocarbon group of 1 to 12 carbon 
atoms; R 1 is hydrogen atom or an alkyl group of 1 to 10 carbon 
20 atoms; R 2 is hydrogen atom or an alkyl group of 1 to 5 carbon 
atoms; R 3 is hydrogen atom or an alkyl group of 1 to 10 carbon 
atoms; X is a hydrolyzable group selected from the group 
consisting of hydride, halogen, alkoxyl, acyloxy, ketoximate, 
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amic 



de, acid amide, aminoxy, thioalkoxy, amino, mercapto and 

^ "m" is an integer of 0 to 2 and "n" is 
alkenyloxy group; and m is an xm. y 

an integer of 0 to 10. 

, x and »m" In the general formulae (2) and (3) are the same 
those in the general formula (1), and R\ R 2 , R 3 and «n» are 
the same as those in the general formulae [I] and [II]. 

The silyl-containing copolymer rubber (A2) has one or more 
g silyl groups in the molecule, preferably 0.1 to 10 groups on 

l the average. It will no longer exhibit good rubber elasticity, 

] 10 due to insufficient curability, when it contains less than 0.1 



R- 

as 



ast, 



silyl groups. 

Themethcdof producing theethylene/a-olefin/non-conjugated 
D polyene rand om copolymer rubber containing a hydrolyzable silyl 

jjj group is not limited. However, it is particularly preferably 

15 produced by the hydrosilylation, wherein an 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber having a norbcrnene compound as the non-con j ugatedpolyene 
with at least one terminal vinyl group represented by the general 
formula (4, or (5, is reacted with a silicon compound represented 
20 by the following general formula (6): 



I 

H - SiX 3 -m 

(6) 

25 
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The ethylene/a-olefin/non-conjugated polyene random 
copolymer rubber (A2) to be reaoted with the silicon compound 
represented by the general formula (6) is a random copolymer 
of ethylene, an a-olefin of 3 to 20 carbon atoms, and 
non-conjugated polyene. 

The a-olefin of 3 to 20 carbon atoms is the same as - one of 

jt n-nlpfin of 3 to 20 carbon atoms 

the concrete examples of the a oletin 

which constitutes the the silyl-containing 
ethylene/a-olefin/non-oonjugated polyene random copolymer 
rubber (Al) . The a-olefin is preferably that of 3 to 10 carbon 
atoms, more preferably propylene, 1-butene, 1-hexene, 1-octene 



p or the like. 

n These a-olefins may be used either individually or in 

M 

O combination. 



15 



The non-conjugated polyene suitably used for the present 
invention is a norbornene compound with a terminal vinyl group 
represented by the general formula (4) or (5): 



20 




(4) 
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CH 2 



(5) 



The general formulae (4) and (5) are each the same as the 
respective general formulae [I] and [II] . Therefore, the 
concrete examples of the norbornene compounds can be the same 
as those represented by the general formulae [I] and [II] . Of 
these, the more preferable ones include 5-vinyl-2-norbornene, 
5-methylene-2-norbornene, 5- ( 2-propyenyl ) -2-norbornene, 
5- (3-butenyl) -2-norbornene, 5- (4-pentenyl) -2-norbornene, 
5- (5-hexenyl) -2-norbornene, 5- (6-heptenyl) -2-norbornene and 
5- ( 7-octenyl ) -2-norbornene . 

These norbornene compounds may be used either individually 
or in combination. 

A non-conjugated polyene may be used, in addition to the 
above-described one, e.g., 5-vinyl-2-norbornene, within limits 
not detrimental to the object of the present invention. 

More concretely, these non-conjugated polyenes include: 

linear non-conjugated polyenes, e.g., 1 , 4-hexadiene , 
3-methyl-l, 4-hexadiene, 4-methyl-l, 4-hexadiene, 
5-methyl-l, 4-hexadiene, 4, 5-dimethyl-l , 4-hexadiene and 
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7-methyl-l, 6-octadiene; 

cyclic non-conjugated polyenes, e.g., 
methyltetrahydroindene, 5-ethylidene-2-norbornene, 

5- methylene-2-norbornene, 5-isopropylidene-2-norbornene, 
5 5-vinylidene-2-norbornene, 

6- chloromethyl-5-isopropenyl-2-norbornene and 
dicyclopentadiene ; and 

trienes, e.g., 2, 3-diisopropylidene-5-norbornene , 
2-ethylidene-3-isopropylidene-5-norbornene and 

□ 

yl 10 2-propenyl-2 , 2-norbornadiene . 

WW 

SJ The ethylene/a-olef in/non-con j ugated polyene random 

6 

LJ copolymer rubber composed of the above components has the 

w 

^ following properties. 

iff (i) Molar ratio of ethylene to a-olefin of 3 to 20 carbon atoms 

15 (ethylene/a-olef in) 

The ethylene/a-olef in/non-con j ugated polyene random 
copolymer rubber contains the (a) unit derived from 

ethylene and the(b) unit of a-olefin of 3 to 20 carbon atoms 
(hereinafter sometimes referred to as merely a-olefin) in a molar 
20 ratio of40/60 to95/5, preferably 50/50 to 90/10, more preferably 
55/45 to 85/15, still more preferably 60/40 to 80/20 [(a) /(b) 
molar ratio] . 

The random copolymer rubber can give, when it has an (a) /(b) 
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molar ratio in the above range, a rubber composition which is 
formed into a vulcanized rubber shape excellent in resistance 
to aging under heating, strength characteristics and rubber 
elasticity, and, at the same time, excellent in moldability and 
resistance to cold temperature. 

(ii) Iodine value 

The ethylene/a-olef in/non-conjugated polyene random 
copolymer rubber has an iodine value of 0.5 to 50 (g/lOOg), 
preferably 0.8 to 40 (g/lOOg) , more preferably 1 to 30 (g/lOOg) , 
still more preferably 1.5 to 25 (g/lOOg) , wherein the iodine 
value corresponds to quantity of the double bond contained in 
the structural unit derived from the norbornene compound with 
a terminal vinyl group, represented by the general formula (4) 
or (5) . 

The random copolymer rubber can give, when it has an iodine 
value in the above range, a desired content of the hydrolyzable 
silyl group, and a rubber composition which is formed into a 
vulcanized rubber shape excellent in compression-resistant 
permanent set and resistant to aging under service conditions 
(under heating) . An iodine value exceeding 50 is 
disadvantageous costwise and hence undesirable, 
(iii) Intrinsic viscosity 

The ethylene/a-olef in/non-conjugated polyene random 
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copolymer rubber has an intrinsic viscosity [„] of 0 . 001 to 2dl/g, 
determined in decalin kept at 135°C, preferably 0.01 to 2dl/g, 
more preferably 0 . 05 to 1 . Odl/g, still more preferably 0 . 05 to 
0.7dl/g, most preferably 0.1 to 0.5dl/g- 

The random copolymer rubber can give, when it has an intrinsic 
viscosity [n] in the above range, a highly fluid rubber 
composition which is formed into a crosslinked rubber shape 
excellent in strength properties and compression-resistant 

permanent set. 
| 10 (iv) Molecular weight distribution (Mw/Mn) 

The ethylene/a-olefin/non-conjugated polyene random 
copolymer rubber has a molecular weight distribution (Mw/Mn) 
of 3 to 100, determined by gel permeation chromatography (GPC) , 
preferably 3 . 3 to 75, more preferably 3.5 to 50. 

The random copolymer rubber can give, when it has a molecular 
weight distribution (Mw/Mn) in the above range, a rubber 
composition which is formed into a crosslinked rubber shape 
excellent in f abricability and strength properties. 

The ethylene/a-olef in/non-conjugated polyene random 
copolymer rubber is produced by random copolymerizat ion with 
ethylene, an o-olefin of 3 to 20 carbon atoms and norbornene 
compound with a vinyl group at the terminal, represented by the 
general formula (4) or (5), by the method similar to that for 
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the ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber (A„, . The eopolymerization is preferably effected in 

a hydrocarbon solvent. 

T hemethodofproducingtheethylene/a-olefin/non-conjugated 

polyene random oopolymer rubber containing the modified silyl 
group by hydrosilylation, wherein the 

ethylene/a-olefin/non-conjugated polyene random oopolymer 
rubber is reaoted with a silicon compound represented by the 
general formula ,6, , is similar to that for the silyl-oonta ining 
eth ylene/a-olefin/non-conjugated polyene random copolymer 

H rubber (Al) - 

b m the hydrosilylation reaction described above, the SiH group 

| in the silicon compound represented by the general formula (6, 

O is added to the double bond derived from the non-conjugated 

15 polyene in the ethylene/a-olef in/non-conj ugated polyene random 
oopolymer rubber, to form the silyl-containing structure 
represented by the general formula (2) or (3), when the 
non-conjugated polyene is represented by the general formula 
(4) or (5), respectively. 
20 It is possible to add a siloxane with hydrogen modified at 

one terminal, represented by the following general formula (7), 
in combination with the silicon compound represented by the 
general formula (6), to impart the resistance to weather, 
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slippage and gas permeability as the characteristics of siloxane 
to the copolymer rubber: 




(7) 

I* wherein, R 4 is a monovalent hydrocarbon group of 1 to 12 carbon 

3 at oms, which may be substituted or not substituted, particularly 

S 10 preferably an alkyl group; and «p« is an integer of 5 to 200, 
° particularly preferably 10 to 150. 

The silyl-containing copolymer rubber (A2) is present in the 
rubber composition (11) of the present invention preferably at 
10% or more, more preferably 20% or more, still more preferably 

15 30% or more. 

The rubber composition (11) of the present invention is 
incorporated with an organosilicon polymer (Kl) , to decrease 
its viscosity and thereby tomake it more easily handled, increase 
curing speed, and attenuate tackiness of the cured product 
20 surface. 

The organosilicon polymer (Kl) for the present invention is 
a polymer having the siloxane bond as the main skeleton with 
the silicon atom having organic groups and oxygen atom appearing 
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alternately. One of the examples is a polymer represented by 
the general formula (8) : 



R 4 



R 6 4- Si — cH-r 7 



* 5 q 



yl 
Q 
M 

e 

ass. 



Hi 



(8) 

| wherein, R 4 , R 5 , R 6 and R 7 are each a non-hydrolyzable organic 

3 10 group of 1 to 12 carbon atoms or X (which is the same as that 
for the general formula ( 1) > , which may be the same or different , 
at least one of R 4 to R 6 is a non-hydrolyzable organic group, 
and R 5 and R 6 may be bonded to each other to form a ring; and 
3 «q" is an integer of 1 to 5000, preferably 5 to 100. 

The concrete examples of the non-hydrolyzable organic groups 
of 1 to 12 carbon atoms include alkyl groups, e.g., methyl and 
ethyl; cycloalkyl groups, e.g., cyclohexyl; aryl groups, e.g., 
phenyl; and aralkyl groups, e.g., benzyl. 

The concrete examples of X include those for the general formula 
(1) . The q-R 4 ' s for the general formula (5) are not necessarily 
the same, and so are q-R 5 's. 

There are widely varying organosilicon polymers useful for 
the present invention as those represented by Kl, e.g., those 
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disclosed by Japanese Patent Publication No . 38 987 /1 98 4 , 
Japanese Patent Laid-Open Publication Nos . 60558/1980, 
78055/1980, 145147/1982, 190043/1982, 25837/1984 and 
23643/1986, and "9586 Chemical Commodities" (published by Kagaku 
KogyoNippoh on January 30, 1986, PP .721to727) . More concretely , 
they include silicone oil, e.g., dimethyl silicone oil and 
methylphenyl silicone oil; and organopolysiloxanes , e.g., those 
having the above-described organic group, e.g., alkyl, 
cydoalkyl, aryl or aralkyl. They may be used either directly 
or in the form of copolymer, e.g., blocker graft copolymer with 
an organic polymer, e.g., alkyd resin, epoxy resin, polyester 
resin, urethane resin, acrylic resin, polyethylene oxide, 
polypropylene oxide, ethylene oxide/propylene oxide copolymer, 
polybutylene oxide or polytetrahydrof uran . 

The organosilicon polymers (Kl) for the present invention 
also include the above-described copolymers, silicone oil and 
organopolysiloxane into which a reactive silicon group, e.g., 
that represented by the general formula (1) , is introduced, and 
the organopolysiloxane having a hydrolyzable group, e.g., 
hydrogen atom bonded to the silicon atom in methyl hydrogen 
silicone oil, and hydroxyl group. 

Of the above-described organosilicon polymers (Kl), those 
intheformof liquidor having fluidity aremore suitable, because 
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they can be handled more easily. 

Those organosilioon polymers (Kl) having hydroxyl or 
hydrolyzable group bonded to the silicon atom are suitable, 
because they can react with the silyl-containing copolymer rubber 
(M) during the curing process, bringing about various advantages, 
e.g., prevented bleeding of the organosilioon polymers (Kl), 
controlled decline of their modulus of elasticity and elongation 
even after they are in service in many cycles, and prevented 

surface tackiness. 

The copolymer of the organopclysilcxane and organic polymer 
may be synthesized by the method disclosed by Japanese Patent 
Laid-open Publication No . 1451 47 /1982 , although not limited 
thereto . 

Of the organosilioon polymers (Kl), polysiloxanes having 2 
or more silanol groups are particularly suitable. These 
polysiloxanes can give a rubber composition, excellent 
particularly in curability deep inside (measure of curing speed 
inside of a thick cured product), and capable of imparting 
excellent resistance to weather and heat, among others, to the 

D cured product. 

Widely varying common polysiloxanes now commercially 
available can be used for the present invention. In particular, 
those compatible with the (A2, component can give the cured 
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product of higher stability. It is therefore preferable to use 
a polysiloxane of relatively low molecular weight, e.g., that 
having 50 or less silicon atoms in the molecule. Some of the 
concrete examples of these polysiloxane structures are described 
5 below: 
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'h / d Ph (c+d= 1 ^ 50) 



wherein, Me is methyl group 



and Ph is phenyl group, which hold 



20 in EXAMPLES described below) . 

These organosilicon polymers (Kl) may be used either 
individually or in combination. 

Content of the organosilicon polymers (Kl) cannot be 
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sweepingly generalized, because it depends on, e.g., desired 
Mooney viscosity (ML (1+4) at 100"C) , the obtained rubber 
composition and type of the organosilicon polymer (Kl) used. 
It is however recommended that the organosilicon polymer (Kl) 
is incorporated normally at around 1 to 1000 parts by weight 
per 100 parts by weight of the (A2) component, preferably around 

10 to 150 parts. 

When a polysiloxane having 2 or more silanol groups as the 
organosilicon polymer (Kl), it is recommended that the 
organosilicon polymer (Kl) is incorporated in such a way to have 
1 around 0.1 to 8, preferably around 0 . 3 to 4 , hydroxyl groups 

Q bonded to the silicon atom in the polysiloxane per one 

O hydrolyzable group in the (A2) component. 

^ In the present invention, it is preferable to incorporate 

15 the polysiloxane at around 20 to 120 parts by weight per 100 
parts by weight of the (A2) component, more preferably around 
25 to 100 parts . An excessively low content of the polysiloxane 
is undesirable, because it may result in the resin composition 
of insufficient curability deep inside. On the other hand, an 
20 excessivelyhighcontentofthepolysiloxaneisalsoundesirable, 

because it may deteriorate the tensile-related characteristics 

of the cured product. 

The cured product of the rubber composition (11) of the present 
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invention has good resistance to, e.g., weather, heat andwater, 
and retains the excellent characteristics of high strength and 
elongation, which come from the cured product of the (A2) 
component, and also exhibit good effects coming from the (Kl) 
component, e.g., reduced viscosity to improve workability and 
prevented surface tackiness. 

In the present invention, the organosilicon polymer (Kl) may 
be used in place of the solvent during the process of introducing 
a reactive silicon group into the above-described 
1 10 ethylene/a-olefin/non-conjugated polyene random copolymer 

rubber , for the purposes of , e . g . , adjusting reaction temperature 
and viscosity of the reaction system. 

The rubber composition (11) of the present invention is 
Q . preferably incorporated with a curing catalyst which promotes 

15 the silanol condensation. 

■ Widely varying known curing catalysts may be used for the 
present invention. The concrete examples of these catalysts 
useful for the present invention include titanate esters, e.g. , 
those of tetrabutyl titanate and tetrapropyl titanate; tin 
20 carboxylates, e.g., dibutyl tin dilaurate, dibutyl tin maleate , 
dibutyl tin diacetate, tin octylate and tin naphthenate; product 
of the reaction between dibutyl tin oxide and phthalate ester; 
dibutyl tin acetylacetonate; organoaluminum compounds, e.g., 
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aiuminum trisacetylacetonate, aluminum trisethylacetoacetate 
anddiisopropoxyaluminumethylacetoacetate.-chelatecompounds, 

e.g., zirconium tatraacetylacetcnate and titanium 
tettaacetylacetonate; lead octylate; amine-based compounds, 
and salts of these compounds and carboxylates, e.g. , butylamine. 
octylamine, dibutylamine, monoethanolamine, diethanolamine , 
triethanolamine, diethylenetriamine, tr iethylenetet ramine , 
oleylamine, cyclohexylamine, benzylamine, 

aiethylaminopropylamine, xylylenediamine , triethylenediamine, 

8 10 guanidine, diphenylguanidine, 

2 , 4 , 6 _ trls( dimethylaminomethyl) phenol, morpholine, M-methyl 
morpholine, 2-ethyl-4-methylimidazole and 
l,8-diazabicyclo(5,4,0) undecene-7 (DBU) ; 

iow-molecular-weight polyamide resins produced by the reactions 
« between excessive guantities o£ polyamines and polybasio acids; 
products of the reactions between excessive guantities of 
polyamines and epoxy compounds,- and Known silanol condensing 
catalysts, e.g., silane coupling agents containing amino group 
(e.g., r-aminopropyl trimethoxy silane and 
20 N- ,p-aminoethyl) aminopropyl methyldimethoxy silane, , and other 
xncwn catalysts, acidic or basic. These compounds may be used 
either individually or in combination. 

The curing catalyst, when used, is incorporated normally at 
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0.1 to 20 parts by weight per 100 parts by weight of the (A2) 
component, preferably around 1 to 10 parts by weight. An 
excessively low content of the catalyst is undesirable, because 
it may result in slow curing speed of the resin composition product . 
5 on the other hand, an excessively high content of the catalyst 
is also undesirable, because it may deteriorate the 
tensile-related characteristics o£ the cured product. 
£ The rubber composition (11) of the present invention may be 

| adeguately incorporated with one or more additives. The 

S 10 additives useful for the present invention include adhesion 
improver, property adjuster, storage stability improver, 
plasticizer, filler,- aging inhibitor, ultraviolet ray absorber, 
met al deactivator, ozone-caused aging inhibitor, light 
° stabilizer, amine-based radical chaining inhibitor, 

' » phosphorus-based peroxide decomposer, lubricant, pigment, and 

foaming agent. 

The adhesion improvers useful for the present invention 
includecommonlyusedadhesivesandsilanecouplingagents.e.g., 

aminosilane and epoxysilane compounds; and others. 
20 The concrete examples of these adhesion improvers include 

p h enolicresins, epoxyresins, T -aminopropyl trimethoxysilane, 
H-(p-aminoethyl)aminopropyl methyldimethoxysilane, 
coumarone/indene resins, rosin ester resins, terpene/phenoi 
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resins, a-methyl styrene/vinyl toluene copolymers, 
polyethylmethyl styrene, alkyl titanates, and aromatic 
polyisocyanate. The adhesion improver, when used, is 
incorporated preferably at about 1 to 50 parts by weight per 
100 parts by weight of the totaled (A2) and (Kl) components, 
more preferably about 5 to 30 parts by weight. 

The storage stability improvers useful for the present 
t invention include compounds with silicon to which a hydrolyzable 

group is bonded, and esters of ortho-organic acids (other than 
an alkyl orthof ormate) . 

The concrete examples of the storage stability improvers 
include methyltrimethoxy silane, methyltriethoxy silane, 
tetramethoxysilane, ethyltrimethoxy silane, dimethyldiethoxy 
silane, trimethylisobutoxy silane, trimethyl (n-butoxy ) silane, 
n-butyltrimethoxy silane, andmethyl orthof ormate . The storage 
stability improver, when used, is incorporated preferably at 
about 0.5 to 20 parts by weight per 100 parts by weight of the 
totaled (A2) and (Kl) components, more preferably about 1 to 
10 parts. 

The plasticizer useful for the present invention is also not 
limited, and any commonly used one may be used. Preferably, 
it should be compatible with each component for the rubber 
composition (11) of the present invention. 
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The concrete examples of these plasticizers include 
hyd rocarbon-based compounds, e.g., polybutene, hydrogenated 
polybutene, ethylene/a-olef in oligomer, a-methyl styrene 
oligomer, biphenyl, tripbenyl, triaryl dimethane, al.ylene 
triphenyl, liguid polybutadiene, hydrogenated liguid 
polybutadiene, alkyl diphenyl, partially bydrogenated 
ter-phenyl, paraffin oil, naphthene oil and atactic 

of dibutyl pbtbalate, dibeptyl pbtbalate, 

pbtbalate, butyl benzyl pbtbalate and butyl pbtbalyl butyl 
gly colate,- non-aromatic, dibasic acid esters, e.g., tbose of 
di octyl adipate and dioctyl cebacate; esters of polyalkylene 
gly col , e . g ., tbose of dietbylene glycol benzoate and trietbylene 
glycol dibenzoate; and phosphate esters, e.g., those of 
tri cresyl phosphate and tributyl phosphate. They may be used 
either individually or in combination. 

Of these, hydrocarbon-based compounds free of unsaturated 
group, e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
, polypropylene, are more preferable for various reasons, e.g., 
hig hcompatibility U itheachcompo„entfortherubbercomposition 

,11, of the present invention, limited effects on curing speed 
of the rubber composition, good resistance to weather of the 
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cured product, and cheapness. 

T „e plasticizer may be used in place of the solvent during 
Che process of introducing a reactive silicon group into the 
ethylene/a-olefin/non-conjugated polyene random copolymer 

* - „ adjusting reactiontemperature 
5 rubber, forthepurposesof, e.g., adjust! g 

and viscosity of the reaction system. 

Th e plasticiter is incorporated preferably at about 10 to 
H 500 parts by weight per 100 parts by weight of the totaled <A2, 

l and <K1, components, more preferably about 20 to 300 parts by 

U1 10 weight. 

O , nf fillers include wood powder, 

SJ The concrete examples of the fillers 

pulp, cotton chips, asbestos, glass fibers, carbon fibers, mica, 
walnut shell powder, rice hull powder, graphite, diatomaceous 
eart h, white clay, fumed silica, settling silica, silicrc 
6 anhydride, carbonblac,, calcium carbonate, clay, talc, titanium 

~,,=.r-t-7 fine aluminum powder, flint 
oxide, magnesium carbonate, quartz, f me ai 

nf t-hese more preferable ones are 
powder, and zinc powder. Of these, mor p 

th ixotro P ic fillers, e.g., settling silica, fumed silica and 
carbon bl.dc; and calcium carbonate, titanium oxide and talc. 
20 Tne filler, when used, is incorporated preferably at about 10 

(A2) and (Kl) components, more preferably about 20 to 300 parts 
by weight. 
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Th e a g in g inhibitor, usefu! for the present invention inciude 
_ly used Kno„n ones, sulfur-based ones, radical 

inhibitors and ultraviolet ray absorbers. 

The sulfur-based a g in g inhibitors useful for tbe present 
mention include.ercaptans, salts tbereof, sulfides including 
sul f ide carbozylate esters and Hindered pbenol-based sulfides, 
poly sulfides, drthiocarbo*ylates, thioureas, thiophosphates , 

j thioaldehydes, thioketones, mercaptals, 
sulfonium compounds, thioaiaeny 

n f uio orids, thioamides, and 
m ercaptols, monothio acids, polythio adds, 



1 10 sulfoxides. 
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,p1v the sulfur-based aging inhibitors include 
More concretely, the sun 

..■ a70 l P . salts of mercaptans, 
= _ 9-mercaptobenzothiazoie, san 

mercaptans, e.g., * merLd ^ 

zinc salt of 2 - B ercaptobenzothiazole ; sulfides, e.g., 

4 , 4 .-thio-bis(3-methyl-6-t-butyl phenol) , 
15 4 , 4 .-thio-bis(2-methyl-6-t-butyl phenol), 
2, V -thio-bis (4-methyl-6-t-butyl phenol) , 
b is ( 3- m ethyl-4-hydro*y-5-t-butylbenzyl, sulfide, 

rerephthaloyl 

3U lfide, phenothiazine, 2. 2-thio-M. U-octyl phenol, niOcel. 

• distearyl thiodipropionate, 

20 dilauryl thiodipropxonate , disteary 

H.tridecyl thiodipropionate, 
dimyristyl thiodipropionate, ditridecy 

dl .f.ryl W '.t h io di.uty.ate^au.yi-stea.yit.iodipropionate 
and2 , 2 . thi o [ diethyl- bl s-3(3,5-di-t- b uty 1 -4- h ydroxy 
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<= a 2-benzothiazole 
phenoDpropionate]; polysulf ides, e.g., 

disulfide; dithiocarboxylates, e.g., zinc 

,inr diethvldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc dietnyi 

v. yinc di-n-butyldithiocarbamate, 

dibutyldithiocarbamate, zinc 

5 dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl-phenyl-dithiocarbamate and zinc 

dimethyldithiocarbamate; thioureas, e.g., 

, • Hi -n-tolvl-thiourea and 

» i-butyl-S-oxy-diethylene-Z-thiourea, di toly 

O ethylene thiourea; and thiophosphates, e.g., 

5 10 trilauryltrithiophosphate. 

The ab ove-deserioe d sultut-hased a 9 in g inhi b itor P^ente 

^position o £ the present invention, controls the pto.ie^s, 

m 

15 e . g ., residual surface tackiness. 

for the present invention 
The radical inhibitors useful for the p 

include phenol-based ones, e.g., 

2 , 2 -methylene-bis(4-methyl-6-t-butyl phenol) and 

u i .3 (3 5-di-t-butyl-4-hydroxyphenyl)propio 
tetrakis[methylene-3-(3,b ai t 

20 nate] methane; and amxne-based ones, e.g., 
phenyl-p-naphthylamine, a-naphthylamine, 
N ,^-sec-butyl-p-phenylenediamine, phenothiazine and 
N , N' -diphenyl-p-phenylenediamine . 
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The ultraviolet ray absorbers useful for the present invention 
include 2 -(2--hydroxy-3',5'-di-t-butylphenyl) benzotriazole 
and bis(2,2,6,6-tetramethyl-4-piperidine) cebacate. 

The aging inhibitor, when used, is incorporated at about 0.1 
5 to 20 parts by weight per 100 parts by weight of the totaled 
,A2, and (Kl) components, more preferably about 1 to 10 parts 
by weight. 

s , i t i \ t-hp nrpsent invention contains 

£ The rubber composition (11) of the present ±i 

the rubber composition with the 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber containing a hydrolyzable silyl group as the component 
(A2) , wherein the organic polymer (21) containing a hydrolyzable 
silyl group represented by the above-described general formula 
,1, and essentially no unsaturated double bond in the main chain 
,5 can be prepared by uniformly kneading the components by a kneader , 
e.g., intermix mixer, planetary mixer, Banbury mixer, kneader 

or 2-roll unit. 

The rubber composition (11) of the present invention is cured 
at room temperature to 200 = 0 for several minutes to several days, 
because it can be cured quickly. It is particularly preferable 
to crosslink the composition with moisture in air at room 

temperature . 

i Curaple_rubbej^^ 
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of the present invention contains 
The rubber composition (11) ox me p^^ Cii 

the rubber composition with the 

ethylene/a-olefin/non-ccnjugated polyene random copolymer 
rubber containing a hydrolyzable silyl group as the component 
( A2). More concretely, the crosslinkable rubber composition 
(11) of the present invention contains the organic polymer (Zl) 
and organosilicon polymer (Kl) , the former containing a 
hydrolyzable silyl group represented by the above-described 
general formula (1) and essentially no unsaturated double bond 
g 10 in the main chain. It can be suitably used for 

electric/electronic device members, transportation machines, 
and civil engineering/construction, medical and leisure areas, 

as described earlier. 
O The curable rubber composition (11) of the present invention 

can be used as sealants, potting agents, coating materials or 
adhesives for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
and leisure areas. 
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Rubber composition (12) 
The rubber composition (12) of the present invention contains 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (A2) , an organic rubber (K2) and a 
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blinking agent (M) for the organic rubber (K2). 

The rubber composition (12, of the present invention contains 
the silyl-containing ethyiene/a-olef in/non-conjugated poiyene 
random copolymer rubber <A2, preferably at 10% or -ore, .ore 
preferably at 20% or .ore, still -re preferably at 30% or more. 

The organic rubbers (K2) for the rubber composition (12) of 
the present invention include polypropylene glycol-based rubber 
containing a hydrolyzable silyl group, polyisobutylene-based 
rub ber containing a hydrolyzable silyl group, natural rubber, 

i , h ,„.Hi.ne styrene/butadiene copolymer 
polyisoprene, polybutadiene , sryr 

rubber, polychloroprene , acrylic rubber, 

acrylonitrile/butadiene copolymer rubber, ethylene/propylene 
copolymer rubber (EPM) , ethylene/propylene/non-conjugated 
polyene copolymer rubber (EPDM, , butyl rubber, urethane rubber, 
silicone rubber, epichlorohydrrn rubber, ethylene/vinyl 
acetate copolymer rubber, ethylene/acrylic copolymer rubber, 
fluorine rubber, chlorosulf onated polyethylene, and a 

combination thereof. 

Of these, polypropylene glycol-based rubber containing a 
, hydrolyzable silyl group, polyisobutylene-based rubber 
containing a hydrolyzable silyl group, natural rubber, 
polyisoprene, polybutadiene, styrene/butadiene copolymer 
rubber, polychloroprene, acrylic rubber, 

acrylonitrile/butadiene copolymer rubber, ethylene/propylene 
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copolymer rubber (EPM, , ethylene/propylene/non-con J ugated 
polyene copolymer rubber (EPDM, , butyl rubber, urethane rubber, 
ethylene/acrylic copolymer rubber, silicone rubber and a 
combination thereof are particularly preferable, for their 
compatibility with the (A2) component. 

The other rubbers may be suitably used in the presence of 

a solubilizer. 

The ratio of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A2, to organic rubber (K2), i.e., (A2)/(K2, ratio, is 
normally 3/97 to 70/30 by weight, preferably 5/95 to 50/50 by 
weight, viewed from balances among formability of the 
three-dimensional crosslink structures, moldability and 

mechanical strength. 

The crosslinWng agent (H) useful for the organic rubber (K2) 
of the present invention is not limited, so long as it is normally 
us ed as a vulcanization agent for rubber and serviceable for 
EPD «. For example, the crosslink, agents useful for the 
prese „t invention include sulfur, sulfur donor, low-sulfur 
0 high-efficienoy vulcanization promoter, guinoide, resin, 
peroxide and compound containing SiH group. 

Others useful as the crosslink agents (M) for the present 
invention include multi-functional ones, having two or more 
functional groups reactive with the crosslink group in the 
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organic rubber (K2). These functional groups include amino, 
isocyanate, maleimide, epoxy, hydrosilyl and carboxyl. 

The rubber composition (12) of the present invention may be 
incorporated with a curing catalyst which promotes the silanol 
5 condensation. Widely varying known curing catalysts may be used 
for the present invention. The concrete examples of these 
catalysts useful for the present invention include titanate 
M- esters, e.g., those of tetrabutyl titanate and tetrapropyl 

I titanate; tin carboxylates , e . g . , dibutyl t in dilaurate , dibutyl 

| 10 tin maleate, dibutyl tin diacetate, tin octylate and tin 
3 naphthenate; product of the reaction between dibutyl tin oxide 

and phthalate ester; dibutyl tin diacetylacetonate ; 
organoaluminum compounds, e.g., aluminum trisacetylacetonate, 
luminum trisethylacetoacetate and diisopropoxy aluminum 
15 ethylacetoacetate; chelate compounds, e.g., zirconium 

tetraacetylacetonate and titanium tetraacetylacetonate ; lead 
octylate; amine-based compounds, and salts of these compounds 
and carboxylates, e.g., butylamine, octylamine, dibutylamine, 
monoethanolamine, diethanolamine, triethanolamine , 
20 diethylenetriamine, triethylenetetramine, oleylamine, 
cyclohexylamine, benzylamine, diethylaminopropylamine, 
xylylenediamine, triethylenediamine, guanidine, 
diphenylguanidine, 2 , 4 , 6-tris (dimethylaminomethyl ) phenol, 
morpholine, N-methyl morpholine , 2-ethyl-4-methylimidazole and 
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1 8-diazabicyclo(5,4,0) undecene-7 (DBU); 

low-molecular-weight polyamide resins produced by the reactions 
between excessive quantities of polyamines and poiybasic acids; 
products of the reactions between excessive quantities of 
polyamines and epoxy compounds; and Known siianoi condensing 
cataiysts, e.g., siiane coupiing agents containing amino group 
(e .g., r-aminopropyl trimethoxy siiane and 

H-.p-aminoethyiUminopropylmethyldimethoxy siiane, ; andother 
k nown catalysts, acidic or basic. These compounds may be used 
5 10 either individually or in combination. 
\ Th e curing catalyst, when used, is incorporated normally at 

0.1 to 20 parts by weight per 100 parts by weight of the (A2) 
component, preferably around 1 to 10 parts by weight. An 
excessively low content of the catalyst is undesirable, because 
„ it may result in slow curing speed of the rubber composition 
product. On the other hand, an excessively high content of the 
catalyst is also undesirable, because it may deteriorate the 
tensile-related characteristics of the cured product. 

The rubber composition (12) of the present invention may be 
20 adequately incorporated with one or more additives. The 

additives useful for the present invention include adhesion 
improver, property adjuster, storage stability improver, 
plasticizer, filler, aging inhibitor, ultraviolet rayabsorber, 
metal deactivator, ozone-caused aging inhibitor, light 
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stabilizer, amine-based radical chaining inhibitor, 
phcsphorus-based peroxide decomposer, lubricant, pigment, and 

foaming agent . 

The adhesion improvers useful for the present invention 
5 include commonly used adhesives and others, except a silane 
coupling agent as the silanol condensing catalyst . The concrete 
examples of these adhesion improvers include phenolic resin, 
I* epoxy resin, coumarone/indene resin, rosin ester resin, 

S terpene/pnenol resin, a-methyl styrene/vinyl toluene copolymer, 

| 10 polyethylmethyl styrene, alkyl titanate, and aromatic 
| polyisocyanate. The adhesion improver, when used, is 

i incorporated preferably at about 1 to 50 parts by weight per 

I 100 parts by weight of the (A2) component, more preferably about 

H 

0 5 to 30 parts. 

m 15 The storage stability improvers useful for the present 

invention include compounds with silicon to which a hydroly zable 
group is bonded, and esters of ortho-organic acids . The concrete 
examples of the storage stability improvers include 
methyltrimethoxy silane, methyltriethoxy silane, tetramethoxy 
20 silane, ethyltrimethoxy silane, dimethyldiethoxy silane, 
trimethylisobutoxy silane, trimethyl (n-butoxy ) silane, 
n-butyltrimethoxy silane, andmethyl orthof ormate . The storage 
stability improver, when used, is incorporated preferably at 
about 0.5 to 20 parts by weight per 100 parts by weight of the 
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tM) component, more preferably about 1 to 10 parts by weight. 

The plasticizer useful for the present invention is also not 
Itaifd. and any commonly used one may be used. Preferably, 
lt should be oompatible with each component for the rubber 
5 composition (12) of the present invention. 

The concrete examples of these plastlcizers include 
hyd rocarbon-based compounds, e.g., polybutene, hydrcgenated 
K polybutene, ethylene/a-olef in oligomer, a-methyl styrene 
□ oligomer, biphenyl, triphenyl, triaryl dimethane, alKylene 

| 10 triphenyl, liquid polybutadiene, hydrcgenated liquid 
| polybutadiene, alxyl diphenyl, partially hydrcgenated 
b ter-phenyl, paraffin oil. naphthene oil and atactic 

I polypropylene; parafin chlorides; phthalate esters, e . g ., those 

H of dibutyl phthalate, diheptyl phthalate, di ( 2-ethylhexyl , 

15 pnthalate, butyl benzyl phthalate and butyl phthalyl butyl 
gly cclate; non-aromatic, dibasic acid esters, e.g., those of 
di octyl adipate and dioctyl cebacate; esters of polyalxylene 
glycol .e.g., those of diethylene glycol benzoate and Methylene 
gly col dibenzoate; and phosphate esters, e.g.. those of 
2 „ tricresyl phosphate and tributyl phosphate. They may be used 
either individually or in combination. 

Of these, hydrocarbon-based compounds free of unsaturated 
group, e.g., hydrcgenated polybutene, hydrcgenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
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polypropylene, are .ore preferable for various reasons, e.g., 
hig hcompatibilitywitheachcom P o„entfortherubbercomposition 

<«, of the present invention, limited effects on curing speed 
o£ the rubber composition, good resistance to weather of the 

cured product, and cheapness. 

^ Ar, rOa<~f» of the solvent during 
The plasticizer may be used in place of tne 

the process of introduce a reactive silicon group into the 
ethylene/a-olef in/non-conjugated polyene random copolymer 

* ■ n adiustingreactiontemperature 
rubber, forthepurposesof , e.g. , adjusting 

and viscosity of the reaction system. 
° The plasticizer, when used, is incorporated preferably at 

h about 10 to 500 parts by weight per 100 parts by weight of the 

S tM) component, more preferably about 20 to 300 parts by weight . 

O The concrete examples of the fillers include wood powder, 

" 15 pulp, cotton chips, asbestos, glass fibers, carbon fibers, mica, 

walnut shell powder, rice hull powder, graphite, diatomaceous 
earth , white clay, fumed silica, settling silica, silicic 
anhydride, carbonblacK, calcium carbonate, clay, talc, titanium 

^ miartz fine aluminum powder, flint 
oxide, magnesium carbonate, quartz, tine 

nf rhPse more preferable ones are 
20 powder, and zinc powder. Of these, mor p 

thixotropic fillers, e.g., settling silica, fumed silica and 
carbon black; and calcium carbonate, titanium oxide and talc. 
Tne filler, when used, is incorporated preferably at about 10 
toSOOpartsbyweightperlOOpartsbyweightof the <A2, component, 
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m ore preferably about 20 to 300 parts by weight. 

The aging inhibitors useful for the present invention inoiude 
co^only used ,nown ones, e.g., sulfur-based ones, radioal 
inhibitors and ultraviolet ray absorbers. 
, The sulfur-based aging inhibitors useful for the present 

invention inoluoe m erea P tans , salts thereof , sulfides inoluding 
sul f ide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiooarboxylates, thioureas, thiophosphates, 

h<= thioaldehydes, thioketones, mercaptals, 
sulfonium compounds, thioaiaenyue , 

^i^hio acids, thioamides, and 
,„ 10 meroaptols, monothio acrds, polythro 

i^o ^-f t-hp sulfur-based aging 
ulf oxides. The concrete examples of the 
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si si 

9-TnprcaDtobenzothiazole; 
b inhibitors include mercaptans, e.g., 2 mercapt 

s 

O s a . 



M s 

ru 



Xtsof.ercaptans, e.g., zino salt of 2-mereaptobenzothiazole. 
ulfrdes, e.g., 4 , 4 -thio-bis < 3- m ethyl-6-t-butyl phenol,, 
15 4 , 4 --thio-bis(2-methyl-6-t-but y l phenol), 
2, 2' -thio-bis (4-methyl-6-t-butyl phenol) , 
bis( 3-n,ethyl-4-hydroxy-5-t-butylbenzyl> sulfide, 
terephthaloyl di <2 , 6-di m etnyl-4-t-butyl-3-h y droxybenzyl, 

• 9 ?' -thio-bis (4-octyl phenol) nickel, 
sulfide, phenothiazme, 2,2 thio 

.„ etparvl thiodipropionate, 
20 dilauryl thiodipropxonate, distearyl 

dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl P , P '-thiodibutyrate,lauryl-stearyl thiodipropionate 

and 2, 2-thio [diethyl-bis-3 ( 3 , 5 -di-t-butyl-4-hydroxy 
phenoDpropionatel; polysulfides, e.g., 2-benzothiazole 
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disulfide; dithiocarboxylates, e.g., zinc 

4- « 7 inr diethvldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc diernyx 

• „ n-hut vldithiocarbamate, 
dibutyldithiocarbamate, zinc din butyiai 

dibutyl ammonium dibutyldithiocarbamate, zinc 

ethyl-phenyl-dithiocarbamate and zinc 

dimethyldithiocarbamate; thioureas, e.g., 

X-butyl-B-oxy-diethylene^-thiourea, di-o-tolyl-thiourea and 
if ethylene thiourea; and thiophosphates , e.g., 



R trilauryltrithiophosphate 



l 10 Th e above-described sulfur-based a g i„ 9 inhibitor prevents 

° d eco m position/a g in g of the m ain chain under heatin. ,uch .ore 
e 

□ e 



Violently than the other types for the rubber composition of 
represent invention, controlling the problems , e.g., residual 

M 

O surface tackiness. 

15 The radical inhibitors useful for the present invention 

include phenol-based ones, e.g., 

2,2-methylene-bis(4-methyl-6-t-butyl phenol) and 

, a o n 5 _di-t-butyl-4-hydroxyphenyl)propio 
tetrakis[methylene-3- (3, b ai r y 

nate] methane; and amine-based ones, e.g., 
20 phenyl-p-naphthylamine, a-naphthylamine , 

N ,N'-sec-butyl-p-phenylenediamine, phenothiazine and 
N , N' -diphenyl-p-pheny lenediamine . 

The ultraviolet ray absorbers useful for the present invention 
include 2 - (2 '-hydroxy-3',5'-di-t-butylphenyl) benzotriazole 
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and bis(2,2,6,6-tetramethyl-4-piperidine> cebacate. 

Th e aging inhibitor, when used, is incorporated at about 0.1 
to2 OpartsbyweightperlOOpartsbyweightof the <A2, component, 

mo re preferably about 1 to 10 parts by weight. 

Th e rubber composition (12, of the present invention oan be 
prepared by uniformly kneading the components by a kneader , e . g . , 
intermixmixer, planetarymixer, Banburymixer, kneaderor2-roll 



unit . 



ui 10 



s 

H 



^ . ,m chP nresent invention is cured 

□ The rubber composition (12) of the present i 

?nn°f for several minutes to several days, 
at room temperature to 200 C tor seve 

because it can be cured guickly. It is particularly preferable 
to crosslrnk the composition with moisture in air at room 

temperature . 

jRupbejLJ^^^ 

M ,i nfthe nresent invention contains 
15 The rubber composition (12) of the prese 

the curable composition with the 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rub ber containing a hydrolyzable silyl group as the component 

i r.ihber composition (12) of the 

(A2) More concretely, the ruooer coi v 

2 „ present invention contains the organic polymer (ZD. organic 
rubber ,K2, and a crosslink^ agent ,«, for the organic rubber 
(K2) . It can be suitably used for electric/electronic device 
members, transportation machines, and civil 

,ineering/construction, medical and leisure areas, as 
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described earlier. 

Th e curable rubber composition (12) of the present invention 
can be used as seaiants, potting agents, coating materials or 
adhesives for electric/electronic device members, 

rivil enqineering/construction, 
5 transportation machines, and cxvil engm 

and leisure areas. 

Rubber composit ion (13) 
The rubber composition (13, of the present invention contains 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 
10 ra ndom copolymer rubber ,A2, . an epoxy resin ,K3,, a silane 
coupling agent . a silanol condensing catalyst ,0) and a curing 
agent for the epoxy resin (P) . 

Th e rubber composition (13) of the present invention contains 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 
» random copolymer rubber <A2> preferably at 10% or more, more 
pt eferably at 20* or more, still more preferably at 30% or more. 

The epoxy resins (K3) for the rubber composition (13) of the 
present invention include epichlorohydrin-bisphenol A type 
epoxy resins; epichlorohydrin- bisphenol F type epoxy resins; 
20 epichlorohydrin-bisphenol S type epoxy resins; f lame-retardant 
type epoxy resins (e.g., glycidyl ethers of tetrabromophenol 
A type,; novolac type epoxy resins; hydrogenated bisphenol A 
type epoxy resins; glycidyl ether type epoxy resins of bisphenol 
A type propylene oxide adduce; glycidyl ether type epoxy resins 
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of bisphenol A type ethylene oxide adduct; glycidyl ester type 
epoxy resins, e.g., diglycidyl-p-oxybenzoate, phthalate 
diglycidyl ester, tetrahydrophthalate diglycidyl ester, 
nexahydrophthalate diglycidyl ester, and adipate diglycidyl 
ester; glycidyl amine type epoxy resins, 
triglycidyl-m-aminophenol, 

N,N,N' ,N' -tetraglycidylaminophenylmethane, 
N,N-diglycidylaniline, and N, N-diglycidyl-o-toluidine ; 
hydantoin type epoxy resin, e.g., 

l,3-diglycidyl-5-methyl-5-ethylhydantoin; triglycidyl 
isocyanurate; polyalkylene glycol diglycidyl ether ; polyhydric 
alcohols (e.g., glycerin and sorbitol) and glycidyl ether; 
1 alicyclic epoxy resins, e.g., alicyclic diepoxy acetal, 

3 alicyclic diepoxy adipate, alicyclic diepoxydiepoxy adipate, 

B 15 al icyclic diepoxy carboxylate, and vinylcyclohexene oxide; and 
epoxidized unsaturated polymers, e.g., polybutadiene and 
oil-derivedresins. The epoxy resins (K3) useful for the present 
invention are not limited to the above, and commonly used epoxy 
resins may be used. Of these epoxy resins, the more preferable 
20 ones include those having two or more epoxy groups , because they 
produce the network structures more easily. Still more 
preferable ones include epoxy resins having glycidyl ether, in 
particular epichlorohydrin-bisphenol A type epoxy resin, 
because of its compatibility with the (A2) component. 
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The (K3) component, when used, is incorporated preferably 
5 to 900 parts by weight per 100 parts by weight of the (A2) 
component, more preferably 10 to 300 parts by weight. At below 
5 parts, toughness of the epoxy resin will not be realized and 
5 " insufficient cohesive force will result. At above 900 parts, 
on the other hand, the polymer as the (A2) component having a 
reactive silicon group may not be included in the matrix of the 
cured product , with the result the curedproduct has insufficient 
§ elasticity and becomes fragile. Therefore, the content beyond 

O 10 the above range is undesirable. 

The silane coupling agent (N) useful for the present invention 
is generally a silane containing a hydrolyzable silicon group 
| and one or more other functional groups in the molecule, and 

5 the functional groups useful for the present invention include 

primary, secondary and tertiary amino, mercapto, epoxy, ureide, 
isocyanate, vinyl, methacryl and halogenoalkyl . Of these, the 
more preferable ones include those having a primary, secondary 
or tertiary amino, mercapto, epoxy or ureide group, which are 
reactive with both the polymer having a reactive silicon group 
of (A2) component and the epoxy resin of (K3) component. Still 
more preferable ones are those having an amide group, especially 
primary or secondary. The hydrolyzable silicon groups useful 
for the present invention include those represented by the 
above-described general formula (I) in which X is a hydrolyzable 
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gr oup. Alxoxyl is .ore preferable, because of its easiness of 
handling, among others. The silane coupling agents useful for 
th e present invention Include amino-containing silanes, e.g., 
r-aminopropyltrimethoxysilane, 7 
-aminopropyltriethoxysilane, 7 
-aminopropylmethyldimethoxysilane, 7 
-aminopropylmethyldiethoxysilane, T- (2-aminoethyl) 
aminopropyltrimethoxysilane, r - (2-aminoethyl) 
aminopropyltriethoxysilane, 7 - (2-aminoethyl) 
aminopropylmethyldimethoxysilane, T - (2-aminoethyl , 
aminopropylmethyldietnoxysilane, 7 - (5-aminopentyl , 
aminopropyltrimethoxysilane, T -( 5-aminopentyl , 
8 aminopropyltriethoxysilane, 7 - (5-aminopentyl, 

aminopropyldimethoxysilane, T - (5-aminopentyl, 
15 aminopropylmethyldiethoxysilane, 
N _p_ (N-vinylbenzylaminoethyl, - 7 
-aminopropyltrimethoxysilane and T 

-anilinopropyltrimethoxysilane; meroapto-containing silanes, 
e 9 ., T -mercaptopropyltrimethoxysilane, 7 
20 -mercaptopropyltriethoxysilane, T 

-mercaptopropylmethyldimethoxysilane and, 
-mercaptopropylmethyldiethoxysilane; epoxy-containing 
silanes, e.g., T -glycidoxypropyltrimethoxysilane, T 
-glycidoxypropyltriethoxysilane, T 
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-glycidoxypropylmethyldimethoxysilane, T 

-glycidoxypropylmethyldiethoxysilane, 

P - (3, 4-epoxycyclohexyl) ethyltrimethoxysilane; 

P - (3, 4-epoxycyclohexyl) ethyltriethoxysilane; 

P - (3, 4-epoxycyclohexyl) ethylmethyldimethoxysilane; 

P- (3 , 4-epoxycyclohexyl) ethylmethyldiethoxysilane; and 

ureido-containing silanes, e.g., 7 
-ureidopropyltrimethoxysilane, 7 
-ureidopropyltriethoxysilane, T 



si 



O 10 -ureidopropylmethyldimethoxysilane and 7 

i 
o 

si 



-ureidopropylmethyldiethoxysilane. These silane coupling 
ag ents ,», .ay be used either individually or in cognation. 

TUe ,„ component is incorporated preferably at 0.01 to 50 
parts by weight per 100 parts by weight of the component. 
15 At the <N, content beyond the above range, the layered structure 
cannot be effectively controlled, and, in particular, 
insufficient interfacial adhesion will result at below 
0.01 part by weight, and hence undesirable. It Is incorporated 
m ore preferably at 0.1 to 5 parts by weight. 
20 The silanol condensing catalysts ,0, useful for the present 
invention include titanate esters, e.g., those of tetrabutyl 
titanate and tetrapropyl titanate; organotin compounds, e.g., 
dibutyltindilaurate.dibutyltlnmaleate.dibutyltindiacetate, 

tin octylate, tin naphthenate, product of the reaction between 
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dib utyl tin oxide and phthaiate ester and dibutyl tin 
diacetylacetonate,- orqanoaiurainu, compounds, aiu m inu m 
trisa cetyiacetonate, aiu.inum t risethylacetoacetate and 

rhelate compounds , 
diisopropoxy aluminum ethylacetoacetate , chel 

• im tPtraacetvlacetonate and titanium 
5 e.g., zirconium tetraaceuyj-d 

4- = . nrnanolead compounds, e.g., lead 
tetraacetylacetonate; organoieau v 

,r^^i =.=,11-=; of these compounds 
octylate; amine-based compounds, and salts 

, lates e q butylamine, octylamine, laurylamine, 
and carboxylates, e.g., »ju y 

dibutylamine, monoethanolamine. diethanola m ine, 
10 tri ethanola m ine, diethyienetria m ine, t riethyienetetra ra ine, 
oleylamine, cyclohexylamine, benzylamine, 

diethyia.inopropyia.ine, xyiylenedia.ine, t riethyienedia m ine, 
quanidine, diphenylquanidine , 

2 , 4 , 6 -tris<di m ethyla m ino,ethyi> phenol, m orphoiine, N-.ethyl 
15 m orpholine, 2-ethyl-4-methylimidazole and 
l,8-diazabicyclo(5,4,0) undecene-7 (DBU 

10 „- m oi e cuiar-weiqht poiya.ide resins produced by the reactions 
between excessive quantities of pofya.ines and poiybasio acids; 
and products of the reactions between excessive quantities of 
2 „ polyenes and epoxy compounds. The silano! condensinq 

cataiysts ,0, usefui for the present invention are not lifted 
to the above, and ~ly used ones m ay be used. These silanol 
condensinq cataiysts .ay be used either individuaily or in 
combination. 
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Of these silanol condensing catalysts, organometallic 
^pounds, and a combination of organometallic compound and 
amine-based compound are more preferable, viewed from curability 

n The still more preferable ones include 
of the composition. The stm mu f 

org anotin compounds, especially tetravalent ones. A 
combination of a tetravalent organotin compound and a compound, 
as the component, having both amino group (especially priory 
or secondary, and hydrolyzable silicon group gives the cured 
product particularly excellent in modulus of elasticity and 



" 5 , 

□ 10 strength 

En 



w 



The ,0, component is incorporated preferably at 0.01 to 20 

preferably 0.5 to 10 parts by weight. At below 0.01 parts, the 
° (fl2) component containing a reactive silicon group will have 

° 15 insufficient crosslink reactivity. At above 20 parts, on 
the other hand, the adverse effects on adhesion and other 
properties are anticipated. Therefore, the content beyond the 
above range is undesirable. 

(P\ useful for the present 
The epoxy resin curing agents (P) userui 

t a~ nrimarv or secondary amines, e.g., 
20 invention include primary or 

triethylenetetramine, tetraethylenepentamine, 
diethylaminopropylamine, N-aminoethylpiperizine, 
me nthenediamine, isopnoronediamine, morpholine, pipeline, 
m-xylylenediamine, m-phenylenediamine, 
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diaminodiphenylmethene and diamlnodiphenylsmf one; tertiary 
amines, e.g., trialfcylamine, H-methylmorpholine, 
N , N -dimethylpiperazine, pyridine, picoline, guanidine, 

i R-diazabicyclo(5,4,0) undecene-7 (DBU) , 
diphenylguamdine, 1 , 8-diazaoicy 

, ben zyldimethylamine, 2 - (dimethylaminomethyl, phenol an d 

2 , 4 , 6 -tris(dimethylaminometnyl, phenol; organic acid salts of 

« rr ?-methvliraidazole, 
the se tertiary amines; imidazoles, e.g., 2 me y 

2 _ ethy l-4-methylimidazole, 2-undecylimidazole and 

.v, , - m idazole- polyamides; dicyandiamides; boron 
l-benzyl-2-methylimidazole, poxy 

3 10 trl fluoride/amine complexes, carboxylic anhydrides, e.g., 
phth alic anhydride, hexahydrophthalic anhydride, 
tetrahydrophthalic anh y dride, 

end ometh y lene/tetrah yd ro P hthalic anh y dride. dodec y lsuccinic 
hydride, trimellitic enhydnde, Py romellitic anh yd ri d e, 
15 cW orenoic anhydride; alcohols,- phenols; carboxylic acids; 
Le wis acids, e.g., boron trifluoride, phosphorus hexaf luoride, 
al uminum trichloride and tin tetrachloride; and the salts of 

vu The epoxy resins curing agents (P) useful 
these Lewis acids. Tne epoxy 

„„ f limited to the above, and 
for the present invention are not limited 

20 commonlyusedonesma.beused. T hese epox y resins curing agents 
may be used either individual!, or in combination. Of these 
epoxy re sins curing agents, tertiary amines, organic salts 
ther eof and imidazoles are more preferable, viewed from 
curability of the composition. 
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Desired content of the (P) component varies depending on its 
type and type of the epoxy resin as the <K3) component . However, 
it is incorporated at a varying content in a range of 0.01 to 
300 parts by weight per 100 parts by weight of the (K3) component 
for specific purposes. 

The method of preparing the curable resin composition 
containing the (A2) , <K3) , (N) , (0) and (P) components is not 
limited. It may be prepared by the common method, e . g ., kneading 
these components by, e.g., a mixer, roll or kneader, or mixing 
them after dissolving each component in an adequate solvent. 
Each component can be adequately combined with the others to 
produce a one-liquid or two-liquid type composition. 

The rubber composition (13) of the present invention may be 
adequately incorporated with one or more additives. The 
additives useful for the present invention include adhesion 
improver, property adjuster, storage stability improver, 
plasticizer, filler, aging inhibitor , ultraviolet ray absorber , 
metal deactivator, ozone-caused aging inhibitor, light 
stabilizer, amine-based radical chaining inhibitor, 
phosphorus-based peroxide decomposer, lubricant, pigment, and 

foaming agent. 

The adhesion improvers useful' for the present invention 
include commonly used adhesives and others, other than the 
above-described epoxy resin <K3) and silane coupling agent (N) . 



310 



SF-768 



The concrete examples of these adhesion improvers include 
' phenolic resin, coumarone/indene resin, rosin ester resin, 
terpene/phenol resin, a-methyl styrene/vinyl toluene copolymer, 
polyethylmethyl styrene, alkyl titanates, and aromatic 
5 polyisocyanate. The adhesion improver, when used, is 

incorporated preferably at about 1 to 50 parts by weight per 
100 parts by weight of the (A2) component, more preferably about 
5 to 30 parts by weight. 
□ The storage stability improvers useful for the present 

| 10 invention include compounds with silicon to which a hydroly zable 
1 group is bonded, and esters of ortho-organic acids . The concrete 

? examples of the storage stability improvers include 

5 methyltrimethoxy silane, methyltriethoxy silane, tetramethoxy 

5 S iiane, ethyltrimethoxy silane, dimethyldiethoxy silane, 

r 5C - ! 

' 15 trimethylisobutoxy silane, trimethyl (n-butoxy) silane, 

n-butyltrimethoxy silane, andmethyl orthof ormate . Thestorage 
stability improver, when used, is incorporated preferably at 
about 0.5 to 20 parts by weight per 100 parts by weight of the 
(A2) component, more preferably about 1 to 10 parts by weight. 
20 The plasticizer useful for the present invention is also not 

limited, and any commonly used one may be used. Preferably, 
it should be compatible with each component for the rubber 
composition (13) of the present invention. The concrete 
examples of these plasticizers include hydrocarbon-based 
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compounds, e.g., polybutene, hydrogenated polybutene, 
ethylene/a-olef in oligomer, a-methyl styrene oligomer, 
biphenyl, triphenyl, triaryl dimethane, alkylene triphenyl, 
liquid polybutadiene, hydrogenated liquid polybutadiene, alkyl 
diphenyl, partially hydrogenated ter-phenyl, paraffin oil, 
naphthene oil and atactic polypropylene; parafin chlorides; 
phthalate esters, e.g., those of dibutyl phthalate, diheptyl 
phthalate, di ( 2-ethylhexyl ) phthalate, butyl benzyl phthalate 

and butyl phthalyl butyl glycolate; non-aromatic, dibasic acid 

U 

^10 esters, e.g., those of dioctyl adipate and dioctyl cebacate; 

Is* 

I R 

'% esters of polyalkylene glycol, e.g. , those of diethylene glycol 

Si 

benzoate and triethylene glycol dibenzoate; and 

phosphate esters, e.g., those of tricresyl phosphate and 

□ 

SJ tributyl phosphate. They may be used either individually or 
R^15 in combination. 

Of these, hydrocarbon-based compounds free of unsaturated 
group, e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene, are more preferable for various reasons, e.g., 
20 high compatibility with each component for the rubber compos ition 
(13) of the present invention, limited effects on curing speed 
of the rubber composition, good resistance to weather of the 
cured product, and cheapness. 

The plasticizer may be used in place of the solvent during 
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the process of introducing a reactive silicon group into the 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber, for the purposes of , e.g. , adjusting reaction temperature 
and viscosity of the reaction system. 

The plasticizer, when used, is incorporated preferably at 
about 10 to 500 parts by weight per 100 parts by weight of the 
(A2) component, more preferably about 20 to 300 parts by weight . 

The concrete examples of the fillers include wood powder, 
pulp, cotton chips, asbestos, glass fibers, carbon fibers , mica, 



q 10 walnut shell powder, rice hull powder, graphite, diatomaceous 



earth, white clay, fumed silica, settling silica, silicic 
anhydride, carbonblack, calcium carbonate, clay, talc, titanium 
W oxide, magnesium carbonate, quartz, fine aluminum powder , flint 

powder, and zinc powder. Of these, more preferable ones are 
,U 15 thixotropic fillers, e.g., settling silica, fumed silica and 
carbon black; and calcium carbonate, titanium oxide and talc. 
The filler, when used, is incorporated preferably at about 10 
to 500 parts by weight per 100 parts by weight of the totaled 
(A2), (K3), (N) , (0) and (P) components, more preferably about 
20 20 to 300 parts by weight. 

The aging inhibitors useful for the present invention include 
commonly used known ones, e.g., sulfur-based ones, radical 
inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
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invention include mercaptans , salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulf ides, dithiocarboxylates , thioureas, thiophosphates, 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
5 mercaptols, monothio acids, polythio acids, thioamides, and 
sulfoxides. The concrete examples of the sulfur-based aging 
inhibitors include mercaptans, e.g., 2-mercaptobenzothiazole; 
salts of mercaptans, e.g., zinc salt of 2-mercaptobenzothiazole; 

'% sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 

VI 

n 10 4 , 4' -thio-bis ( 2-methyl-6-t-butyl phenol), 

fcer 

in 

n 2 , 2' -thio-bis ( 4-methyl-6-t-butyl phenol), 

M 

« bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

© 

W terephthaloyl di (2, 6-dimethyl-4-t-butyl-3-hydroxybenzyl ) 

P 

^ sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
|y 15 dilauryl thiodipropionate, distearyl thiodipropionate, 

dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl P,p' -thiodibutyrate , lauryl-stearyl thiodipropionate 
and 2, 2-thio [diethyl-bis-3 (3, 5-di-t-butyl-4-hydroxy 
phenol) propionate] ; polysulf ides , e.g. , 2-benzothiazole 
20 disulfide; dithiocarboxylates, e.g., zinc 

dibutyldithiocarbamate, zinc diethyldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl-phenyl-dithiocarbamate and zinc 
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dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 

ethylene thiourea; and thiophosphates , e.g., 

trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 

decomposition/aging of the main chain under heating much more 

efficiently than the other types for the rubber composition of 

the present invention, controlling the problems , e.g., residual 

£3 surface tackiness. 

n 

M 

fC * 10 The radical inhibitors useful for the present invention 

5 

include phenol-based ones, e.g., 

H 

B 2 , 2-methylene-bis ( 4-methyl-6-t-butyl phenol) and 

b 

lij tetrakis [methylene-3- (3, 5-di-t-butyl-4-hydroxyphenyl ) propio 

b 

HI nate] methane; and amine-based ones, e.g., 

D 

fUl5 phenyl-p-naphthylamine, a-naphthyl amine , 

N,N' -sec-butyl-p-phenylenediamine, phenothiazine and 
N, N' -diphenyl-p-phenylenediamine . 

The ultraviolet ray absorbers useful for the present invention 
include 2- (2' -hydroxy- 3' , 5' -di-t-butylphenyl ) benzot riazole 
20 and bis (2 , 2 , 6, 6-tetramethyl-4-piperidine) cebacate. 

The aging inhibitor, when used, is incorporated at about 0.1 
to 20 parts by weight per 100 parts by weight of the (A2) component, 
more preferably about 1 to 10 parts by weight. 

•The rubber composition (13) of the present invention can be 
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prepared by uniformly kneading the components by a kneader, e.g. , 
intermixmixer, planetary mixer, Banbury mixer , kneader or 2-roll 
unit . 

The rubber composition (13) of the present invention is cured 
at room temperature to 200°C for several minutes to several days, 
because it can be cured quickly. It is particularly preferable 
to crosslink the composition with moisture in air at room 
temperature . 

(Uses of the rubber composition) 
The rubber composition (13) of the present invention can be 
suitably used as sealants, and also as adhesives, tackifiers, 
paints, shaping materials, spray materials, casting rubber 
materials and foaming materials. When it is used for a sealant, 
it can be a one-liquid sealant composition which is quickly cured 
when exposed to moisture in air while being applied to form a 
good rubber elastomer, because it can be kept stable for extended 
periods when stored in a closed condition, after the curing 
catalyst is kneaded with the other components in a moisture-free 
condition . 

The rubber composition (13) of the present invention contains 
the curable composition with the 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber containing a hydrolyzable silyl group as the component 
(A2) , wherein the organic polymer (Zl) contains a hydrolyzable 
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silyl group represented by the above-described general formula 
( 1) and essentially no unsaturated double bond in the main chain . 
It can be suitably used for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas, as described earlier. 

The rubber composition (13) of the present invention can be 
used as sealants, potting agents, coating materials or adhesives 
for electric/electronic device members, transportation 
machines, and civil engineering/construction, and leisure 



m 10 areas 

y 3 



The curable rubber composition (13) thus prepared can have 
a varying cohesive force of the matrix by changing type and 
addition rate of the silane coupling agent to control the layered 
structure of the cured product. As a result, it can give widely 
15 varying cured products, from the one having a low modulus of 
elasticity and high elongation, like the conventional cured 
product , to the one having a highmodulus of elasticity and tensile 

shear strength. 

in other words, the curable rubber composition (13) of the 
20 present invention is highly adhesive, and can give not only the 
cured product having a low modulus of elasticity and high 
elongation but also the one of improved cohesion force of the 
matrix, high in modulus of elasticity and tensile shear strength 
by changing addition rate of the silane coupling agent . Moreover, 
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it is high in curing speed, and excellent in resistance to light, 
when cured. Therefore, it can cover desired mechanical 
characteristics by the simple procedure of changing addition 
rate of the silane coupling agent, and is particularly suitable 
for adhesive, sealant and tackifier agent. 

Rubber composition (14) 
The rubber composition (14) of the present invention contains 
the silyl-containing ethylene/a-olef in/non-con j ugated polyene 
O 10 random copolymer rubber (A2), an epoxy resin (K3) , a silicon 

in 

□ compound (Q) containing a functional group reactive with the 

SI 

s epoxy group and the hydrolyzable silyl group in the molecule, 

n 

tssr 

W and a silicon compound (R) containing at least two hydroxyl groups 

□ 

bonded to the silicon atom in the molecule. 
15 The rubber composition (14) of the present invention contains 

the silyl-containing ethylene/a-olef in/non-con jugated polyene 
random copolymer rubber (A2) preferably at 10% or more, more 
preferably at 20% or more, still more preferably at 30% or more. 
The epoxy resins (K3) for the rubber composition (14) of the 
20 present invention include epichlorohydrin-bisphenol A type 
epoxy resins, epichlorohydrin-bisphenol F type epoxy resins, 
flame-retardant type epoxy resins (e.g., glycidyl ethers of 
tetrabromophenol A type), novolac type epoxy resins, 
hydrogenated bisphenol A type epoxy resins, glycidyl ether type 
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epoxy resins of bisphenol A type propylene oxide adduct ; glycidyl 
ester type epoxy resins, e.g., diglycidyl-p-oxybenzoate , 
phthalate diglycidyl ester, tetrahydrophthalate diglycidyl 
ester, hexahydrophthalate diglycidyl ester, 

m-aminophenol-based epoxy resin, diaminodiphenylmethane-based 

epoxy resin, uretahne-modif ied epoxy resin, various types of 

alicyclic epoxy resin, N, N-diglycidylaniline, 

N,N-diglycidyl-o-toluidine, triglycidyl isocyanurate, 

polyalkylene glycol diglycidyl ether, glycidyl ethers of 

O 10 polyhydricalcohols, e.g., glycerin, hydantoin type epoxy resin, 
LP 

5 and epoxidized unsaturated polymers, e.g., oil-derived resins . 

HI 

The epoxy resins (K3) useful for the present invention are not 
W limited to the above, and commonly used epoxy resins may be used. 

Of these epoxy resins, the more preferable ones include those 
having at least two epoxy groups , because they are highly reactive 
for the curing and produce the network structures more easily. 
Stillmore preferable ones include bisphenol A type epoxy resins, 
phthalate ester-based diglycidyl esters, and novolac type epoxy 
resins . 

In the present invention, a curing agent which promotes curing 
of the epoxy resin (K3) may be used. The epoxy resin curing 
agents useful for the present invention include the commonly 
used agents for curing epoxy resins . These curing agents include 
amines, e.g., triethylenetetramine, tetraethylenepentamine , 
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diethylaminopropylamine, N-aminoethylpiperazine, 
m-xylylenedi amine, m-phenylenediamine, 
diaminodiphenylme thane, diaminodiphenylsulf one, 
isophoronediamine, 2, 4, 6-tris (dimethylaminomethyl ) phenol; 
5 salts of tertiary amines; polyamide resins; imidazoles; 
dicyandiamides; boron trifluoride complexes; carboxylic 
anhydrides, e.g., phthalic anhydride, hexahydrophthalic 
anhydride, tetrahydrophthalic anhydride, 
Q endomethylene/tetrahydrophthalic anhydride, dodecylsuccinic 
SjjlO anhydride, pyromellitic anhydride and chlorendic anhydride; 
alcohols; phenols; and carboxylic acids. 

SJ 

Desired content of the curing agent varies depending on its 

O 

UJ t yP e and type of the epoxy resin. However, it is incorporated 

r% 

■essr 

Sj at a varying content in a range of 0. 1 to 300 parts by weight 
O 

ff.5 per 100 parts by weight of the (K3) component for specific 
purposes . 

The (Q) component for the present invention is a silicon 
compound containing a functional group reactive with the epoxy 
group and hydrolyzable silyl group in the molecule. 
20 The functional groups in the silicon compound, reactive with 

an epoxy group include primary, secondary and tertiary amino, 
mercapto, epoxy and carboxyl . As the hydrolyzable silyl groups, 
any of those for the (A2) component may be used. Of these, the 
more preferable ones include alkoxysilyl, because of its easiness 
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of handling, among others. 

The concrete examples of these ,<n» An 

rnese silicon compounds include 

amino-containing silanes, e.g., 7 
-aminopropyltrimethoxysilane, 

r-aminopropylmethyldimethoxysilane, j - (2-aminoethyl ) 
aminopropyltrimethoxysilane, 7- (2-aminoethyl) 
aminopropylmethyldimethoxysilane, 7 -( 2-aminoethyl ) 
^^opyltriethoxysilane, — idopropyltriethoxysiiane, 
□ N _p_ (N-vinylbenzylaminoethyl ) - 7 

10 -aminopropyltrimethoxysilane and 7 

-anilinopropyltrimethoxysilane; mercapto-containing silanes, 
e.g., r-mercaptopropyltrimethoxysilane, 7 
UJ -^rcaptopropyltriethoxysilane, 7 

-mercaptopropylmethyldimethoxysilane and 7 

-mercaptopropylmethyldiethoxysilane; epoxy bond-containing 
silanes, e.g., 7 -glycidoxypropyl t rimethoxysilane, r 
-glycidoxypropylmethyldimethoxysilane, r 
-glycidoxypropyltriethoxysilane, 

P-(3, 4 -epoxycyclohexyl)ethyltrimethoxysilane; and carboxyls, 
e.g. , P-carboxylethyltriethoxysilane, 

P-carboxyl e thylp h enylbis(2-methoxyethoxy) silane and 
N-P- (N-carboxymethylaminoethyl) - 7 

-aminopropyltrimethoxysilane These si n ™ 

inese silicon compounds (Q) may 

be used either individually or in combination. 
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The (R) component for the present invention is a silicon 
compound containing at least two hydroxyl groups, preferably 
2 to 4, bonded to the silicon atom in the molecule. 

These silicon compounds include polydimethylsiloxane having 
5. silanol group at the terminal, polydiphenylsiloxane having 
silanol group at the terminal, polydimethyldiphenylsiloxane 
having diphenylsilanol group at the terminal, 
M diphenylsilanediol , bis (hydroxydimethylsilyl ) benzene, 

D polytetramethyl-p-silphenylenesiloxane, organosilicon 

\l 

rZ 10 compounds having hydroxyl group at the terminal , e.g., silicone 

y % 

!Jj varnish, and organopolysiloxanes . 

Q The (A2) component whose hydrolyzable group in the 

W 

p rubber-based organic polymer is converted into silanol group 

•y 

O can be also used as the (R) component. The concrete examples 

m 

15 of these polymers include polypropylene oxide having 

dimethylsilanol group at the terminal of the molecule. Content 
of the silanol-containing rubber-based polymer depends on its 
molecular weight and silanol content. However, generally 
speaking, it is preferably incorporated at 10 to 100 parts by 

20 weight per 100 parts by weight of the (A2) component. Of these 
compounds, more preferable ones include diphenylsilanediol, 
which has a low molecular weight per one hydroxyl group bonded 
to the silicon atom, and itself having no possibility of 
self-condensing. These compounds may be used either 
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individually or in combination. 

The curable composition (14) is prepared by incorporating, 
as the effective ingredients, the silyl-containing 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber as the (A2) component, an epoxy resin as the (K3) component, 
and silicon compounds as the (Q) and (R) components. 

The curable composition (14) can be stably cured even when 
there is not a sufficient quantity of moisture in the ambient 
atmosphere, because it can be cured by the actions of the silanol 
group in the (R) component containing at least two hydroxyl groups 
bonded to the silicon atom in the molecule, when it is included 
in the composition comprising the (A2), (K3) and (Q) components. 
The composition (14) of the present invention therefore is useful , 
even when applied under the conditions where moisture is 
difficult to enter the system, particularly useful for a sealant , 
an adhesive and a potting agent. 

The condensing reaction does proceed in the composition 
comprising the (A2), (K3) and (Q) components after the 
hydrolyzable silyl group in the (A2) and (Q) components is partly 
hydrolyzed. In the composition further incorporated with the 
(R) component, on the other hand, the condensing reaction is 
considered to proceed without undergoing the hydrolysis step, 
in the presence of the silanol group in the (R) component. 

The ratio of the (K3) component to the (A2) component, i.e., 
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(A2)/(K3) ratio, is preferably in a range of 100/1 to 100/200 
by weight. The cured product tends to have an insufficient 
strength at above 100/1, and insufficient rubber-like properties 
at below 100/200. The parts by weight of the (K3) component 
5 per 100 parts by weight of the (A2) component is more preferably 
10 to 120/100, still more preferably 20 to 100/100, when the 
rubber-like properties of the cured product are to be 
sufficiently manifested, and its strength is to be sufficiently 



O improved, although the preferable ratio varies depending on 

M 

\% 10 purposes of the curable composition. 

The silicon compound as the (Q) component is incorporated 

preferably at an ( (A2) + (K3) components) / (Q) component ratio of 
UJ 

p 10 0/0.1 to 100/20 by weight, more preferably 100/0.2 to 100/10. 

H 

P The cured product tends to have an insufficient strength at above 

111 

15 100/0.1, and insufficient rubber-like properties at below 
100/20. 

The silicon compound as the (R) component is incorporated 
preferably at an. (A2) component / (R) component ratio of 100/0.1 
to 100/100 by weight, more preferably 100/0.2 to 100/50. The 
20 cured product tends to be influenced to moisture in the ambient 
atmosphere and lose stable characteristics at above 100/0.1, 
and insufficient rubber-like properties at below 100/100. 

The method of preparing the curable rubber composition (14) 
containing the (A2), (K3), (Q) and (R) component s is not limited . 
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It may be prepared by the common method, e.g., kneading these 
components by, e.g., a mixer, roll or kneader at normal 
temperature or elevated temperature, or mixing them after 
dissolving each component in a small quantity of a suitable 
solvent . These components can be adequately combined with each 
other to produce a one-liquid or a two-liquid type composition. 

The rubber composition (14) of the present invention may be 
adequately incorporated with one or more additives. The 
additives useful for the present invention include adhesion 
J 10 improver, property adjuster, storage stability improver, 

J J 

° olasticizer, filler, aging inhibitor, ultraviolet ray absorber, 

metal deactivator, ozone-caused aging inhibitor, light 
stabilizer, amine-based radical chaining inhibitor, 
□ phosphorus-based peroxide decomposer, lubricant, pigment, and 

15 foaming agent. 

The adhesion improvers useful for the present invention 
include commonly used adhesives and others, other than the 
above-described epoxy resin as the (K3) components and silicon 
compounds as the (Q) and (R) components. 

The concrete examples of these adhesion improvers include 
phenolic resin, coumarone/indene resin, rosin ester resin, 
terpene/phenol resin, a-methyl styrene/vinyl toluene copolymer, 
polyethylmethyl styrene, alkyl titanates, and aromatic 
polyisocyanate. The adhesion improver, when used, is 
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incorporated preferably at about 1 to 50 parts by weight per 
100 parts by weight of the (A2) component, more preferably about 
5 to 30 parts by weight. 

The storage stability improvers useful for the present 
5 invention include compounds with silicon to which a hydrolyzable 
group is bonded, and esters of ortho-organic acids. 

The concrete examples of the storage stability improvers 
include methyltrimethoxy silane, methyltriethoxy silane, 
tetramethoxy silane, ethyltrimethoxy silane, dimethyldiethoxy 
10 silane, trimethylisobutoxy silane , trimethyl (n-butoxy ) silane, 
n-butylt rimethoxy silane, andmethyl orthof ormate . The storage 
stability improver, when used, is incorporated preferably at 
about 0.5 to 20 parts by weight per 100 parts by weight of the 

(A2) component, more preferably about 1 to 10 parts. 

Ill 

15 The plasticizer useful for the present invention is also not 

limited, and any commonly used one may be used. Preferably, 
it should be compatible with each component for the rubber 
composition (14) of the present invention. 

The concrete examples of these plasticizers include 

20 hydrocarbon-based compounds, e.g., polybutene, hydrogenated 
polybutene, ethylene/a-olef in oligomer, a-methyl styrene 
oligomer, biphenyl, triphenyl, triaryl dimethane, alkylene 
triphenyl, liquid polybutadiene , hydrogenated liquid 
polybutadiene, alkyl diphenyl, partially hydrogenated 
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ter-phenyl, paraffin oil, naphthene oil and atactic 
polypropylene; paraf in chlorides ; phthalate esters , e.g. , those 
of dibutyl phthalate, diheptyl phthalate, di ( 2-ethylhexyl ) 
phthalate, butyl benzyl phthalate and butyl phthalyl butyl 
5 glycolate; non-aromatic, dibasic acid esters, e.g., those of 
dioctyl adipate and dioctyl cebacate; esters of polyalkylene 
glycol, e.g. , those of diethylene glycol benzoate and triethylene 

M. glycol dibenzoate; and phosphate esters, e.g., those of 

□ 

□ tricresyl phosphate and tributyl phosphate. They may be used 

10 either individually or in combination. 

Of these, hydrocarbon-based compounds free of unsaturated 
group, e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene, are more preferable for various reasons, e.g., 
15 high compatibility with each component for the rubber compos it ion 
(14) of the present invention, limited effects on curing speed 
of the rubber composition, good resistance to weather of the 
cured product, and cheapness. 

The plasticizer may be used in place of the solvent during 
20 the process of introducing a reactive silicon group into the 
ethylene/a-olef in/non-conjugated polyene random copolymer 
rubber, for the purposes of , e.g. , adj usting reaction temperature 
and viscosity of the reaction system. 

The plasticizer, when used, is incorporated preferably at 
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about 10 to 500 parts by weight per 100 parts by weight of the 
(A2) component, more preferably about 20 to 300 parts by weight . 

The concrete examples of the fillers include wood powder, 
pulp, cotton chips, asbestos, glass fibers, carbon fibers, mica, 
walnut shell powder, rice hull powder, graphite, diatomaceous 
earth, white clay, fumed silica, settling silica, silicic 
anhydride, carbonblack, calciumcarbonate, clay, talc, titanium 
oxide, magnesium carbonate, quartz, fine aluminum powder , flint 
powder, and zinc powder. Of these, more preferable ones are 
thixotropic fillers, e.g., settling silica, fumed silica and 
carbon black; and calcium carbonate, titanium oxide and talc. 
The filler, when used, is incorporated preferably at about 10 
to 500 parts by weight per 100 parts by weight of the totaled 
(A2), K3), (Q) and (R) components, more preferably about 20 to 
15 300 parts by weight. 

The aging inhibitors useful for the present invention include 
commonly used known ones, e.g., sulfur-based ones, radical 
inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
20 invention include mercaptans, salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes, thioketones, mercaptals, 
mercaptols, monothio acids, polythio acids, thioamides, and 
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sulfoxides . 

The concrete examples of the sulfur-based aging inhibitors 
include mercaptans, e.g., 2-mercaptobenzothiazole ; salts of 
mercaptans, e.g., zinc salt of 2-mercaptobenzothiazole; 
5 sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol ) , 
4,4' -thio-bis ( 2-methyl- 6-t-butyl phenol) , 
2,2' -thio-bis ( 4 -methyl- 6-t-butyl phenol) , 
bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

□ 

6 terephthaloyl di (2 , 6-dimethyl-4-t-butyl-3-hydroxybenzy 1 ) 

□ 10 sulfide, phenothiazine, 2, 2' -thio-bis (4-octyl phenol) nickel, 

LTi 

dilauryl thiodipropionate, distearyl thiodipropionate, 
dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl p,p' -thiodibutyrate, lauryl-stearyl thiodipropionate 
O and 2,2-thio[diethyl-bis-3(3,5-di-t-butyl-4-hydroxy 

15 phenol ) propionate] ; polysulf ides , e.g., 2-benzothiazole 
disulfide; dithiocarboxylates , e.g., zinc 

dibutyldithiocarbamate, zinc diethyldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
20 ethyl-phenyl-dithiocarbamate and zinc 

dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 
ethylene thiourea; and thiophosphates, e.g., 
trilauryltrithiophosphate . 
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The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the rubber composition of 
the present invention, controlling the problems, e.g., residual 
5 surface tackiness. 

The radical inhibitors useful for the present invention 
include phenol-based ones, e.g., 
hfe 2, 2-methylene-bis ( 4-methyl-6-t-butyl phenol) and 

O tetrakis [methylene-3- ( 3 , 5-di-t-butyl-4-hydroxyphenyl ) propio 

O 10 nate] methane; and amine-based ones, e.g., 

m 

Q phenyl-p-naphthylamine, a-naphthylamine , 

N N' -sec-butyl-p-phenylenediamine, phenothiazine and 
N, N' -diphenyl-p-phenylenedi amine . 

The ultraviolet ray absorbers useful for the present invention 
15 include 2- ( 2 ' -hydroxy-3 ' , 5 ' -di-t-butylphenyl ) benzotriazole 
and bis (2, 2, 6, 6-tetramethyl-4 -piper idine) cebacate. 

The aging inhibitor, when used, is incorporated at about 0.1 
to 20 parts by weight per 100 parts by weight of the (A2) component, 
more preferably about 1 to 10 parts by weight. 
20 The rubber composition (14) of the present invention can be 

prepared by uniformly kneading the components by a kneader , e.g., 
intermixmixer, planetary mixer , Banbury mixer , kneader or 2 -roll 
unit . 

The rubber composition (14) of the present invention is cured 
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at room temperature to 200 °C for several minutes to several days, 
because it can be cured quickly. It is particularly preferable 
to crosslink the composition with moisture in air at room 

temperature . 

(Uses of the rubber composition (14)) 
The rubber composition (14) of the present invention can be 
suitably used as a sealant, and also as adhesives, tackifiers, 
paints, shaping materials, spray materials, casting rubber 
materials and foaming materials. 
O io When it is used for a sealant, it can be a one-liquid sealant 

composition which is quickly cured when exposed to moisture in 
air while being applied to form a good rubber elastomer, because 
it can be kept stable for extended periods when stored in a closed 
condition, after the curing catalyst is kneaded with the other 
components in a moisture-free condition. 

The rubber composition (14) of the present invention contains 
the curable composition with the 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber containing a hydrolyzable silyl group as the component 
(A2) , wherein the organic polymer (Zl) contains a hydrolyzable 
silyl group represented by the above-described general formula 
( 1) and essentially no unsaturated double bond in the main chain . 
It can be suitably used for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
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medical and lersure areas, as described earlier. 

The rubber composition (14) of the present invention can be 
usedas sealants, potting agents, coating materials or adhesives 
for electric/electronic device members, transportation 
machines, and civil engineering/construction, and leisure 



areas 



□ 

Q 
H 



The curable rubber composition ,14, o£ the present invention 
can be cured even at low temperature around room temperature, 
and q uicxlycuredbyincreasingtemperaturetoaboutl00tol50°C. 

10 Therefore, it can be cured and used over a wide temperature range 
S f rom low to high temperature, depending on specific purposes . 

I The curable rubber composition ,14, of the present invention 

3 oan be cured at room temperature to give the product of high 

strength, when a combination of epoxy resin/epoxy resin curing 
„ agent is selected from those curable at room temperature. The 

cu red product from the composition without solvent can be easily 
mo lded when a liguid-type epoxy resin is used. 

The method of molding the curable rubber composition ,14, 
of the present invention is not limited. However, the method 
20 is preferably selected from those co^only used for solid rubber, 
e g., natural rubber, and for rubber-based liquid polymer, e.g., 
polyurethane . Such a molding method can give the curedproducts , 
e g molded rubber and rubber-lixe foamedproducts, of improved 
properties, e.g., strength. The composition ,14, can be also 
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suitably used for rubber-based adhesives, sealants, tackifiers 
andthelike. In particular, it can give a rubber-based adhesive 
high both in releasing strength and shear strength, when the 
( A2)/(K3) ratio is set at 100/20 to 100/100 by weight. 

The curable rubber composition (14) of the present invention 
can be stably cured irrespective of atmosphere in which it is 
cured, even in the absence of a sufficient quantity of moisture, 
and can solve the problem of low strength involved in the 
rubber-based cured product having a hydrolyzable ailyl group. 
It has other advantages of high hardness , and improved resistance 
of the cured product to weather. 



o 

hi Rubber composit ion (15) 



15 



20 



The rubber composition (14) of the present invention contains 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (A2) , calcium carbonate (Ll) , and talc 

{L2) . The rubber composition (15) of the present invention 

contains the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (A2) preferably at 10% or more, more preferably at 20% 
or more, still more preferably at 30% or more. The rubber 
composition (15) of the present invention is incorporated with 
two types of inorganic fillers (L) , calcium carbonate (Ll) and 
talc (L2), to simultaneously secure good workability (spinning 
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A . Hon and nood mechanical properties (in 
property) of the composition and goo 

particular hardness) of its cured product. 

vs „ as the (LI) component falls into two general 
Calcium carbonate as tne ^ > 

nrnduced by mechanically 
categories, limestone powder produced y 

5 cr ushing/processing natural chalk, limestone , marble or the like , 
and light calcium carbonate produced by a wet process involving 
ch emical reactions from limestone or the like as the stock 
serial, specifically referred to as colloidal calcium 
carb onate, when it is produced under controlled conditions into 
10 ultr afine colloidal particles. Of these calcium carbonate 
tyP es, the preferable ones are limestone powder for its low cost, 
and colloidal calcium carbonate for its notable effect of 
moving workability (spinning property) of the composition. 

. ■ j na nv or in combination, 

ucpri either individually or 
These may be usea eiuic 

u llMS » e PowCer ma y be crushed either b y a dry or wet -M. 

th . latter bein g unsuitable for tne present invention, because 
its product fluently deteriorates stora g e stability of tne 

n SI of the present invention. Calcium 
rubber composition (15) ot tne p 

carbonate as tne component ,L1, for tne present invention is 

Surface treatment of calcium carbonate as tne component (LI, 

™rties of the composition (15) of the 
improves adhesion properties or rn 

„ :4. s pffect of improving 
present invention and further improves its effect 
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, pofn i f nr the present invention 
The surface treating agents useful for tne p 

include organic expounds, e.g., fatty acids, fatty acid soaps 
and fatty acid esters; various types of surfactants; ad coupling 
agents, e.g., silane- and titanate-based ones. 
. The concrete examples of these organic compounds include fatty 

acids , e.g.. caproic, capryl, pelargonic, capric, undecanic, 
la uric, myristic, palmitic, stearic, behenic and oleic acids; 
, sbdium and potassium salts thereof; and alxyl esters thereof. 

1 The concrete examples of the surfactants usef u! for the present 

S 10 invention include polyoxyethylene alxyl ether sulfate esters 
andlong-chainalcoholsulfateesters.-sodiumandpotassiumsalts 

thereof as sulfate ester type anionic surfactants; alxyl 

b enzenesulfonates, alxyl naphthalenesulf onates, paraffin 

3 sulfonates, a-olef in sulfonates and alxyl sulf osuccinates ; and 

• rr. dt-c thereof as sulonate type anionic 
sodium and potassium salts tnereor 

surfactants . 

calcium carbonate is treated with 0 . 1 to 20* by weight of 
the surface treating agent, based on the calcium carbonate , more 

not bring a sufficient effect of improving workability, adhesion 
and resistance to weather at below 0 . 1%, and deteriorate storage 
stability of the curable composition at above 20%. 

The (LI, component is preferably incorporated at 5 to 500 
parts by weight per 100 parts of the <A2> component, more 
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preferably 20 to 350 parts, .till more prefata.lv 40 to 2 00 parts 
by weight. The co mP ona„t may not bring a sufficient effect of 
improving workability (spinning property, of the rubber 
composition at below 5 parts, and deteriorate its adhesion at 
ab ova 500 parts . T h esa compounds may be used either individually 
or in combination for the (LI) component . 

Talc as the ,12, component is an inorganic filler obtained 
by m echanically crushing/processing/classif ying the stoc k 
serial as talcum, and comprises magnesium silicate 

(3Mg 0.4Si0 2 -H30, as the major ingredient. Talc as the ,12, 
component for the present invention may be untreated or 
surface-treated with a surface treating agent. When 
5 surface-treated, it improves storage stability of the rubber 

composition (15) of the present invention. 

Th e surface treating agents useful for the (L2, component 
can be the same as those for the (LI, component. 

Th e ,L2, component is preferably incorporated at 5 to 300 
parts by weight per 100 parts of the ,A2, component, more 
preferably 20 to 200 parts, stiii more preferabiy 40 to 150 parts 
20 by weight. The component may not bring a sufficient effect of 
proving mechanical characteristics of the cured product from 
th e composition at below 5 parts, and deteriorate its adhesion 
at above 300 parts. These compounds may be used either 
individually or in combination for the ,L2, component. 
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The rubber composition (15, of the present invention may be 
incorporated with various types c£ fill.r.. in addition to 
caicium carbonate as the ,L1) component and talc as the <L2, 
component. The concrete examples or the tillers include 
reinforcing fillers, e.g., fumed silica, settling silica, 
silicic anhydride, silicic hydride and carbon black; fillers, 
e. g ., diatomaceousearth, firedclay, clay, talc. t itaniumoxide , 
b entonite, organic bentonite, ferric oxide, zinc oxide, 
activated zinc white; fibrous fillers, e.g.. °* 
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The rubber composition ,15) of the present invention may be 
incorporated with a silane coupling agent . This agent improves 
5 adhesion strength of the cured silyl-containing 

tnyiene/a-olefin/non-conjugated polyene random copolymer 
rub ber < S 2> to the base material and other objects. The agent 
is , compound which has a group containing the silicon atom to 
which a hydrolyzable group is bonded (hereinafter referred to 
as hydroiyzable silicon group, and one or more other functional 
groups . The hydrolyzable silicon groups useful for the present 
invention include those represented by the above-described 
gener al formula (I) in which X is a hydrolyzable group. The 
concrete examples include those described earlier as the 
Hydrolyzable groups, of which methoxy and ethoxy are more 
preferable viewed from hydrolysis speed. The compound 
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preferably has 2 or more hydrolyzabie groups, still mora 

preferably 3 or more. 

The functional groups useful for the present invention, other 
th an the hydrolyrable silicon groups, include a primary, 
secondary and tertiary a.ino, epoxy, carboxyl, vinyl, isocyanate, 
is0 cyanurate, and halogen. Of these, primary, secondary or 

=r,t-n pdoxv, isocyanate and isocyanurate 
tertiary amino, mercapto, epoxy, is. y 

arable and isocyanate and epoxy are still more 
are more preferable, ana x y 

preferable . 

6 W The hydrolyzable silicon group is preferably bonded to the 

g oth er functional group via a hydrocarbon group, e.g., alKylene 

or arylene, although not limited thereto. 

Th e silane coupling agent has a molecular weight of 500 or 
le ss, particularly preferably 300 or less. 
« 16 The silane coupling agents useful for the present invention 

include amino-containing silanes, e.g., T 

-a.inopropyltri^ethoxysilane.r-a.inopropyltrietho.ysilane, 

T-aminopropylmethyldimethoxysilane, 7 

-aminopropylmetnyldiethoxysilane, 
20 aminopropyltrimethoxysilane, T - ( 2-a m inoethyl , 

aminopropyl^ethyldimethoxysilane, 7 - <2-a m inoethyl> 

aminopropyltriethoxysilane, T - (2-aminoethyl) 
aminopropylmethyldiethoxysilane, r 
-ureidopropyltrimethoxysilane, N-phenyl- T 
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-a.inopropyltrimethoxysilane, H-benzyl-T 
- aml — i,— e a.0 ,,-viny^- r 

-a— y^^ys-ne; ^ ' 

r-nercaptopropyltrimethoxyallane, T 

- m ercaptopropyltriethoxysilane, T 

■ i pooxv-containing 

. a r-glycido.ypropyltrimethoxysllane, 
silanes, e.g. , ' y * 
-glycidoxypropyltriethoxysilane, T 

-glycidoxypropylmethyldimethoxysilane, 7 
- -glycidoxypropylraethyldiethoxysilane, 
L p-^.-epoxycydo.exy.e^— 

S p. (3 , 4-epoxycyclohexyl) 

nes eg , p-carboxyethyltriethoxysilane, 
carboxysilanes, e.g., H 

u iKi«,(2-methoxyethoxy)silane and 
P -carboxyethylphenylbxs(2 me 

. ^ flm inoethyl-Y-aminopropyltrimethoxysxlane, 
N -p-(carboxymethyl)amxnoetnyx y 

. j aroup-containing silanes; e.g., 
vinyl type unsaturated group 

vin yitri m ethoxysilane, vinyltrietnoxysilane, T 

-.etbacryloyloxypropylmetnyldimetboxysilane and T 

• , haloaen-containmg 
-, vv,wi +-riethoxysilane; halogen 
-acryloyloxypropylmethyltrretn 

e q r -chloropropyltrimethoxysilane; srlane 
silanes, e.g., f ° 

isoc ya nU ,a t es, ..... 

^t-c-*^ — -«•• r - isocyanat ; sllane 
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T - is ocya„ate p.opyime.hyidiethoxysilane and r-isocyana« 
propylmethyldimethoxysilane . 

Mo reover, the .edifications of these expounds as their 
derivatives are also useful as the silane coupling agents . These 
^pounds include amino-modif led silyl pollers, silylated 
ami no poly^rs, unsaturated aminosilane complexes, block 
iso cyanate silanes, phenylamino-long chain-alkyi silanes, 
aminosilylated silicone and silylated polyesters. 

Th e silane coupling agent is incorporated at 0.1 to 20 parts 
□ 10 by weight per 100 parts by weight of the (A2) — , 

particularly preferably 0 . 5 to 10 parts . These silane coupling 
agents may be used either individually or in cognation. 
The rubber exposition (15) of the present invention may be 

* a tackifier, other than a silane coupling 

incorporated with a tacnnei, 

ru 

15 agent- 

,m n f the present invention is 
The rubber composition (15) of tne pr 

j • +- h r> rurina catalyst which promotes 
preferably incorporated with a curing 

the silanol condensation. 

^^i^to mav be used for the 
Widely varying known curing catalysts may 

20 present invention. The concrete examples of these catalysts 

useful for the present invention include titanate esters, 

those of tetrabutyl titanate and tetrapropyl titanate; tin 

carboxylates, e.g., dibutyl tin dilaurate, dibutyl tin maleate , 

dibu tyl tindiacetate, tin octylate and tin naphthenate; product 
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of the reaction between dibutyl tin oxide and phthalate ester; 
dibutyltindiacetylacetonate; organoaluminum compounds , e.g., 
aluminum trisacetylacetonate, aluminum trisethylacetoacetate 
and diisopropoxy aluminum ethylacetoacetate ; chelate compounds, 
e.g., zirconium tetraacetylacetonate and titanium 
tetraacetylacetonate; lead octylate; amine-based compounds, 
and salts of these compounds and carboxylates , e . g . , butylamine , 
octylamine, dibutylamine, monoethanolamine, diethanolamine , 
triethanolamine, diethylenetriamine , triethylenetetramine , 
3 10 oleylamine, cyclohexylamine, benzylamine, 

diethylaminopropylamine, xylylenediamine, triethylenediamine, 
guanidine, diphenylguanidine , 

2,4,6-tris(dimethylaminomethyl) phenol, morpholine, N-methyl 
morpholine, 2 -ethyl-4-methylimidazole and 
l,8-diazabicyclo(5,4,0) undecene-7 (DBU) ; 

low-molecular-weight polyamide resins produced by the reactions 
between excessive quantities of polyamines and polybasic acids; 
products of the reactions between excessive quantities of 
polyamines and epoxy compounds; and known silanol condensing 
20 catalysts, e.g., silane coupling agents containing amino group 
(e.g., 7-aminopropyl trimethoxy silane and 

N-(P-aminoethyl)aminopropylmethyldimethoxy silane) ; and other 
known catalysts, acidic or basic. These compounds may be used 
either individually or in combination. 
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The curing catalyst, when used, is incorporated normally at 
around 0.1 to 20 parts by weight per 100 parts by weight of the 
(A2) component, preferably around 1 to 10 parts by weight. An 
excessively low content of the catalyst is undesirable, because 
it may result in slow curing speed of the rubber composition 
product'. On the other hand, an excessively high content cf the 
catalyst is also undesirable, because it may deteriorate the 
tensile-related characteristics of the cured product. 

The rubber composition (15) of the present invention may be 

□ 10 adequately incorporated with one or more additives. The 

l additives useful for the present invention include adhesion 

improver, property adjuster, storage stability improver, 
plasticizer, aging inhibitor, ultraviolet ray absorber, metal 

□ deactivator, ozone-caused aging inhibitor, light stabilizer, 
m 15 amine-based radical chaining inhibitor, phosphorus-based 

peroxide decomposer, lubricant, pigment, and foaming agent. 

The adhesion improvers useful for the present invention 
include commonly used adhesives and others, except a silane 

coupling agent. 

The concrete examples of these adhesion improvers include 
phenolic resin, epoxy resin, coumarone/indene resin, rosin ester 
resin, terpene/phenol resin, a-methyl styrene/vinyl toluene 
copolymer, polyethylmethyl styrene, alkyl titanates, and 
aromatic polyisocyanate . The adhesion improver, when used, is 
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incorporated preferably at about 1 to 50 parts by weight per 
100 parts by weight of the (A2) component , more preferably about 

5 to 30 parts by weight. 

The storage stability improvers useful for the present 
invention include compounds with silicon to which a hydrolyzable 
group is bonded, and esters of ortho-organic acids. 

The concrete examples of the storage stability improvers 
include methyltrimethoxy silane, methyltriethoxy silane, 
tetramethoxy silane, ethylt rimethoxy silane , dimethyldiethoxy 
| 10 silane, tr imethylisobutoxy silane, trimethyl (n-butoxy ) silane, 
n-butyltrimethoxy silane, andmethyl orthof ormate . The storage 
stability improver, when used, is incorporated preferably at 
about 0.5 to 20 parts by weight per 100 parts by weight of the 
(A2) component, more preferably about 1 to 10 parts. 

The plasticizer useful for the present invention is also not 
limited, and any commonly used one may be used. Preferably, 
it should be compatible with each component for the rubber 
composition (15) of. the present invention. 

The concrete examples of these plasticizers include 
hydrocarbon-based compounds, e.g., polybutene, hydrogenated 
polybutene, ethylene/cc-olef in oligomer, a-methyl styrene 
oligomer, biphenyl, triphenyl, triaryl dimethane, alkylene 
triphenyl, liguid polybutadiene, hydrogenated liquid 
polybutadiene, alkyl diphenyl, partially hydrogenated 
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ter-phenyl, paraffin oil, naphthene oil and atactio 
polypropylene; paraf in chlorides ; phthalate esters , e.g., those 
of dibutyl phthalate, diheptyl phthalate, di (2-ethylhexyl) 
phthalate, butyl benzyl phthalate and butyl phthalyl butyl 
gly colate; non-aromatic, dibasic acid esters, e.g., those of 
dioctyl adipate and dioctyl cebacate; 

esters of polyal.ylene glycol, e.g., those of diethylene glycol 
b enzoateandtriethyleneglycoldibenzoate;and P hosphateesters, 

e.g., those of tricresyl phosphate and tributyl phosphate . They 
ma y be used either individually or in combination. 

Of these, hydrocarbon-based compounds free of unsaturated 
group, e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene, are more preferable for various reasons, e.g., 
hl ghcompatibilitywitheachcom P onentfortherubbercomposition 

( 15, of the present invention, limited effects on curing speed 
of the rubber composition, good resistance to weather of the 
cured product, and cheapness. 

The plasticizer may be used in place of the solvent during 
the process of introducing a reactive silicon group into the 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber, for thepurposes of , e . g ., a dj usting react ion temperature 
and viscosity of the reaction system. 

The plasticizer, when used, is incorporated preferably at 
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about 10 to 500 parts by weight per 100 parts by weight of the 
(A2) component, more preferably about 2 0 to 300 parts by weight . 

The aging inhibitors useful for the present invention include 
commonly used known ones, e.g., sulfur-based ones, radical 
5 inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans, salts thereof , sulfides including 
u. sulfide carboxylate esters and hindered phenol-based sulfides, 

O polysulfides, dithiocarboxylates , thioureas, thiophosphates , 

O 10 sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
mercaptols, monothio acids, polythio acids, thioamides, and 
sulfoxides . 

The concrete examples of the sulfur-based aging inhibitors 
include mercaptans, e.g., 2-mercaptobenzothiazole; salts of 
mercaptans, e.g., zinc salt of 2-mercaptobenzothiazole; 
sulfides, e.g., 4 , 4' -thio-bis (3-methyl-6-t-butyl phenol), 
4, 4' -thio-bis (2-methyl-6-t-butyl phenol) , 
2,2' -thio-bis ( 4 -methyl-6-t-butyl phenol) , 
bis(3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
terephthaloyl di (2 , 6-dimethyl-4-t-butyl-3-hydroxybenzyl) 
sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
dilauryl thiodipropionate, distearyl thiodipropionate, 
dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl (5,p' -thiodibutyrate, lauryl-stearyl thiodipropionate 
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and 2,2-thio[diethyl-bis-3(3,5-di-t-butyl-4-hydroxy 
phenol) propionate]; polysulf ides , e.g., 2-benzothiazole 
disulfide; dithiocarboxylates , e.g., zinc 

dibutyldithiocarbamate, zinc diethyldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl-phenyl-dithiocarbamate and zinc 
dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 
6 10 ethylene thiourea; and thiophosphates , e.g., 

m 

CJ trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
q efficiently than the other types for the rubber composition of 

15 the present invention, controlling the problems, e.g., residual 

surface tackiness. 

The radical inhibitors useful for the present invention 

include phenol-based ones, e.g., 

2,2'-methylene-bis(4-methyl-6-t-butyl phenol) and 
20 tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)propio 

nate] methane; and amine-based ones, e.g., 
phenyl-(3-naphthylamine, a-naphthylamine, 
N,N'-sec-butyl-p-phenylenediamine, phenothiazine and 
N , N' -diphenyl-p-phenylenediamine . 
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The ultraviolet ray absorbers useful for the present invention 
include 2-(2'-hydroxy-3',5'-di-t-butyl P henyl) benzotriazole 
and b is(2,2,6,6-tetramethyl-4-piperidine) cebacate. 

The aging inhibitor, when used, is incorporated at about 0.1 
t o20partsbyweightperl00 P artsbyweightof the (A2) component, 

mo re preferably about 1 to 10 parts by weight. 

The effect of combining calcium carbonate as the (Ll) component 

and talc as the (L2> component for the present invention is also 
observed, even when it is further incorporated with the various 
additives described above . More concretely, the curable rubber 
composition (15) of the present invent ion , when used as elastomer 
sealantsforconstructionworks,orsealantsforlaminatedglass, 

SSG construction method, or rust-preventive or water-proof of 
edges (cut sections) of wired or laminated glass, will have still 

improved workability (spinning property) and mechanical 
characteristics (hardness) . 

The curable composition (15) of the present invention can 
be prepared by uniformly kneading the components by a kneader, 
e.g., intermix mixer, planetary mixer, Banbury mixer, kneader 

or 2-roll unit. 

The curable composition (15) of the present invention is cured 
at room temperature to 200°C for several minutes to several days, 
because it can be cured guickly . It is particularly preferable 
to crosslink the composition with moisture in air at room 
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temperature. 

(Rubber composition (15) and its uses) 

M e;\ nf thP nresent invention contains 
The rubber composition (15) of the present 

the curable composition with the 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rub ber containing a reactive silicon group as the component <A2, , 
as is the case with the rubber composition (11) . More concretely, 
the rubber composition (15, of the present invention contains 
the organic polymer (ZD , calcium carbonate (LI) and talc (L2) , 
wherein the (ZD component contains a hydrolyzable silyl group 
represented by the above-described general formula (1) and 
essentially no unsaturated double bond in the main chain. It 
can be suitably used for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
" 1B medical and leisure areas, as described earlier. 

The curable rubber composition (15, of the present invention 
can be used as sealants, potting agents, coating materials or 
adhesives for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
20 and leisure areas. 
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Cur able composition (16) 

s 



The curable composition (16) of the present invention contaxn 
(a) the silyl-containing ethylene/a-olef in/non-conjugated 
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fAl^ (b) a nickel-containing . 
polyene random copolymer rubber (Al) , W 

i*\ and (c) a silane coupling agent (T) 
light stabilizer (S) and (C) 

Th e curable composition ,16, of the present invention contains 
txesilyl-containingethylene/a-olefin/non-con.ugated polyene 
. copol^t ,M, preferably at 10, or .ore, more 

preferably at 20* or .ore, still .ore preferably at 30* or .ore. 
xhe curable composition ,16, of the present invention exhibits 
H excellent characteristics with respect to curing speed and 

? rr, weather which is mainly derived fro. the 

Q resistance to weatner, 

3 10 ethylene/d-olefin/non-conjugated polyene random copolymer 
S rubber ,M, containing the hydrolyzable silyl group. 

[Nickel-containing light stabilizer ,S, ] 

i • _ -u +- cfabilizer containing 
The present invention uses a light stabxi 

-, ■ u*. .^hilizer The commercial 
* nirkel (S) as the light stabilizer, 

atomic nicxex ^/ 

15 ni ekel-based light stabilizers can be generally used for the 
present invention as the stabilizer (S) . 

Th e concrete examples of the light stabilizers include nickel 
dit hiocarbamates, e . g . , nickel dimethyldithiocarbamate , nickel 

«. „h nickel dibutyldithiocarbamate; . 
diethyldithiocarbamate and nickel a 

20 nickel complexes, e.g., 

[2 2 .-thiobis ( 4-t-octylphenolaten-n-butylamine nickel, 

[2 2 .- t hiobi S ( 4 -t-octylphenolaten-2-ethylhexyla.ine nickel 
and [2 , 2' -thiobis ,4-t-octylpnenolate, , -triethanola.ine 
nickel; and other nickel co.pounds, e.g., nickel 
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b is(octylphenyl) sulfide and nickel isopropylxanthogenate . 
These light stabilizers may be used either individually or in 
combination. 

The component (S) is incorporated preferably at around 0.1 
to 20 parts by weight per 100 parts by weight of the 
si lyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber ,A1, , tore preferably 1 to 10 parts by 
weight . 

fit a content of the component (S) below the above range, the 
t 10 curable composition of the present invention may have 

deteriorated weather-resistant adhesion to glass and other 
objects. The content exceeding the above range is 

• Tt- -i considered that the 

disadvantageous costwise. It is consiu 

i ■ i i 7 pr IS) brings about the effect 

nickel-containing light stabilizer lb) on y 

S 15 of preventing light-caused deterioration of the 

adhesion-improving effect by the silane coupling agent used as 

the (T) component. The nickel-containing light stabilizer (S) 

is considered to exhibit the above effect to a higher extent 

than the other stabilizer. 
2Q [Silane coupling agent (T) ] 

The silane coupling agent as the (T) component for the present 
invention improves adhesion strength of the cured 
silyl-containing ethylene/a-ole£in/non-con jugated polyene 
random copolymer rubber (AD to the base material and other 
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objects. The agent is a compound which has a group containing 
the silicon atom to which a hydrolyzable group is bonded 
(hereinafter referred to as hydrolyzable silicon group) and one 
or more other functional groups . The concrete examples include 
those described earlier as the hydrolyzable groups, of which 
methoxy and ethoxy are more preferable viewed from hydrolysis 
speed. The compound preferably has 2 or more hydrolyzable groups, 
still more preferably 3 or more. 

The functional groups useful for the present invention, other 
than the hydrolyzable silicon groups, include primary , secondary 
and tertiary amino, mercapto, epoxy, carboxyl, vinyl, isocyanate, 
isocyanurate, and halogen. Of these, primary, secondary or 
tertiary amino, epoxy, isocyanate and isocyanurate are more 
□ preferable, and isocyanate and epoxy are still more preferable .. 

The concrete examples of the silane coupling agents useful 
for the present invention include amino-containing silanes , e.g., 
T -aminopropyltrimethoxysilane, 7 
-aminopropyltriethoxysilane, 7 
-aminopropylmethyldimethoxysilane, 7 
-aminopropylmethyldiethoxysilane, 7 - ( 2-aminoethyl ) 
aminopropyltrimethoxysilane, 7 - (2-aminoethyl ) 
aminopropylmethyldimethoxysilane, 7 - ( 2-aminoethyl ) 
aminopropyltriethoxysilane, 7 - ( 2-aminoethyl ) 
aminopropylmethyldiethoxysilane, 7 
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-ureidopropyltrimethoxysilane, 

N-phenyl- 7 -aminopropyltrimethoxysilane , N-benzyl- T 
-aminopropyltrimethoxysilane and N-vinylbenzyl- 7 
-aminopropyltriethoxysilane; mercapto-containing silanes, 
eg-f j _ mer captopropylt rimethoxysilane, 7 
-mercaptopropyltriethoxysilane, 7 
-mercaptopropylmethyldimethoxysilane and T 
-mercaptopropylmethyldiethoxysilane; epoxy-containing 
silanes, e.g., T -glycidoxypropyltrimethoxysilane, 7 



PIS 



H 10 -glycidoxypropyltriethoxysilane, T 

R -glycidoxypropylmethyldimethoxysilane, 

□ p- (3, 4-epoxycyclohexyl) ethylt rimethoxysilane and 

Q P- (3, 4-epoxycyclohexyl) ethyltriethoxysilane; carboxysilanes , 

SI 

O e.g., p-carboxyethyltriethoxysilane, 

15 p-carboxyethylphenylbis ( 2-methoxyethoxy ) silane and 
N-p- (carboxymethyl) aminoethyl- 7 

-aminopropyltrimethoxysilane; vinyl type unsaturated 
group-containing silanes; e.g., vinyltr imethoxys ilane , 

vinyltriethoxysilane, 7 
20 -methacryloyloxypropylmethyldimethoxysilane and 7 

-acryloyloxypropylmethyltriethoxysilane; halogen-containing 
silanes, e.g., 7 -chloropropylt rimethoxysilane ; silane 
isocyanurates, e.g., tris (trimethoxysilyl) isocyanurate ; and 
isocyanate-containing silanes, e.g., 7-isocyanate 
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propyl tri m etho Xy siiane, T -isoc y anate pro Pyl trietho Xy siiane, 
T - isocy anate pr o Pylm e thyldi e t n OX VSi 1 ane an d r-isoc y anate 

Moreover, the modifications of 
propylmethyldimethoxysxlane. Moreover, 

H as their derivatives are also useful as the silane 
these compounds as their oerx 

„ nnHq include amino-moditiea 
jtm These compounds in<-xu^ 
5 coupling agents (T) . 

i m ers silylated amino polymers, unsaturated 
silyl polymers, sny^ 

hlnrk isocyanate silanes, 
aminosilane complexes, block iso y 

■ iwi silanes, aminosilylated silicone 
^ phenylamino-long chain-alkyl silanes, 

O and silylated polyesters. 

^ lina aaent (T) is incorporated at 0.01 to 20 

O 10 The silane coupling agent i 

\P • >,f «f the silyl-containing 

O parts by weight per 100 parts b y wetght o£ 

. _i nn ivene random copolymer 
ethylene/a-olefin/non-con^ugated polyen 

* ah i«0 i to 10 parts by weight, 
rubber (Al), particularly preferably 0.1 to 

♦-«* nM mav be used either individually 
These silane coupling agents (T) maybe 

15 or in combination. 

■ n fit of the present invention may be 
The rubber composition (16) of the p 

inco r P orate d with a tackier , other than a eilane conpirng agent . 
Th e espies o £ the teenier, other than a siiane co.plmg 
age nt. incite eo„po U n d a having an epo* y or iaoc.anate gronp 

^ 0 including isocyanate polymers. 
20 in the molecule, mcluainy 

[Other components] 

of the present invention may be 
The composition (16) of tne p 

ted as re quired, with one or more additives. The 
incorporated, as requo. 

t- invention include curing 
eaflll for the present invention 
additives useful tor tn« f 
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4- the silanol condensation, storage 
catalyst which promotes the silan 

4. mrina of the composition (lb) 
stability improver which prevents curing 

. . , 0 , , is being stored, plasticizer, 
of the present invention while it is g 

• h- hi tor ozone-caused aging inhibitor, 
filler, aging inhibitor, 

inhricant and foaming 
phosphorus-based peroxide decomposer, Xubrrcan 

a<3ent " „<. fhP silanol condensing 

^l^r^mav be used as thesis 
Known curing catalysts may 

oaraiys, ,or t„. Presen, invention. X h e concrete espies o f 

f tetrabu tyl titanate and tetrapropyl 
«,+ or«* e a., those of tetraouty 
esters, e.g., dibutyl 

1a1 . M e q , dibutyl tin dilaurate, aiou y 
titanate ; tin carboxylates , e.g., 

. ^- , ora t e tin octylate and tin 
tin maleate, dibutyl tin diacetate, 

H ct of the reaction between dibutyl tin oxide 
naphthenate; product of the 

and phthalate ester, didutyi tin diacetyiacetonate; 

m friQ^retvlacetonate, 
org anoalu m inu, compounds, e.g., all— trrsace y 

. trise thyiacetoacetate and diisopropoxy alu^inu, 
aluminum triseuiyxa 

, chelate compounds, e.g., zirconium 

ethylacetoacetate, chelate 

t-ofraacetvlacetonate, leaa 
tetraacetylacetonate and titans tetraacety 

anH sa its of these compounds 
octylate; amine-based compounds, and salts 

, e a butylamine, octylamine, laurylamme, 
and carboxylates, e.g., t>uty 

dibutylami ne, .onoethanoia.ine, diethanoia.ine, 

friethvlenetetramine, 
triethanolamine, diethylenetnamme , tnethy 

oleylamine, cyclohexylamine, benzylamine, 

1 - ne xvlylenediamine, triethylenediamme, 
diethylaminopropylamine, xylyie 

354 



20 



SF-768 



% 



o 

M 

U 10 

S 



y 
o 



15 



20 



guanidine, diphenylguanidine , 

2/ 4,6-tris(dimethvlaminomethvl) phenol, morpholine, N-methyl 
morpholine, 2-ethyl-4-methylimidazole and 
l,8-diazabicyclo(5,4,0) undecene-7 (DBU) ; 

Xow-molecular-weight polyamide resins produced by the reactions 
between excessive quantities of polyamines and polybasic acids; 
products of the reactions between excessive quantities of 
polyamines and epoxy compounds; silane coupling agents 
containing amino group, e.g., T -aminopropyl trimethoxy silane 
and N-(p-aminoethyl) aminopropyl methyldimethoxy silane; and 

. , • „ K^c:ir These compounds may 
other known catalysts, acidic or basic. 

be used either individually or in combination. 

The curing catalyst is incorporated at around 0 . 1 to 20 parts 
by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olef in/non-con jU gated polyene random copolymer 
rubber (Al) . preferably around 1 to 10 parts by weight. The 
catalyst content below the above range may cause insufficient 
curing speed and insufficient extent of the curing reaction. 
The content beyond the above range is also undesirable, because 
it may cause local heating or foaming bcourring during the curing 
process to make it difficult to produce the cured product of 
good properties, and also may deteriorate pot life to an 
unacceptable level and workability of the composition. 
The storage stability improvers useful for the present 
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invention include compounds with silicon to which a hydrolyzable 
gr oup is bonded, and esters of ortho-organic acids. 

Th e concrete examples of the storage stability ^rovers 
inciude methyltrimethoxy siiane, methyltriethoxy silane, 
tetrame thoxy silane, ethyltrimethoxy silane, dimethyldiethoxy 
Silane, trimethylisobutoxy si lane , trimethyl <n-butoxy> silane, 
n-butyitrimethoxy silane, and methyl orthof ormate . 

The plasticizers useful for the present invention include 
iow-molecular-weight ones, e.g., dioctylphthalate, 
high-molecular-weight ones, and high-viscosity ones. 

The concrete examples of these plasticizers include phthalate 
esters, e.g., those of dibutyl phthalate, diheptyl phthalate, 
di(2 -ethylhexyl, phthalate, butyl benzyl phthalate and butyl 
phthalyl butyl glycolate; non-aromatic, dibasic acid esters, 
. g those of dioctyl adipate and dioctyl cebacate ; esters of 
polyalxylene glycol, e .g ., those of diethylene glycol dibenzoate 

of tricresyl phosphate and tributyl phosphate; paraffin 
Chlorides; and hydrocarbon-based oils, e.g., alxyl diphenyl, 
> polybutene, hydrogenated polybutene, ethylene/a-olef in 
oligomer, a-methyl styrene oligomer, biphenyl, triphenyl, 
tria ryl dimethane, alKylene triphenyl, liguid 
hydrogenated liguldpolybutadiene, paraffin oil, 
atactic polypropylene and partially hydrogenated ter-phenyl. 
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They may be used either individually or in nomination. The 
pl astici Z er may be incorporated while the poller is being 
produced . 

of these , hy drocarbon-based compounds free of unsaturated 
group, e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and ataotic 
polypropylene, are .ore preferable for various reasons, e.g. , 
high compatibility with each component for the composition ,16, 
of the present invention, limited effects on curing speed of 
0 10 the rubber composition, good resistance to weather of the cured 



i 



m 

P= product, and cheapness 

s 

□ 

p 



P 

m 



Th e plasticizer may be used in place of the solvent durrng 
th. Process of introducing a reactive silicon group into the 
saturated hydrocarbon-based polymer, for the purposes of , e.g., 
J 15 adjusting reaction temperature and viscosity of the reaction 
system. 

T he plasticizer, when used, is incorporated preferably at 
1 to 400 parts by weight per 100 parts by weight of the 
silyl -containing ethylene/a-olef in/non-con^ugated polyene 
random copolymer rubber ,M, , more preferably 1 to 150 parts, 
sti ll more preferably 10 to 120 and particularly preferably 20 
to 100 parts by weight. 

of the fillers include wood powder, 
The concrete examples of the iui 

,_ nia^fibers, carbon fibers, mica, 

pulp, cotton chips, asbestos, glass fibers , 
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walnut shell powder, rice hull powder, graphite, diatomaceous 
earth, white clay, fumed silica, settling silica, silicic 
anhydride, carbon black, calcium carbonate, clay, kaolin, talc, 
titaniumoxide, magnesium carbonate, quartz powder , glassbeads, 
5 fi ne aluminum powder, flint powder, and zinc powder. Of these, 
raore preferable ones are thixotropic fillers, e.g., settling 
silica, fumed silica and carbon black; and calcium carbonate, 
* titanium oxide and talc . They may be used either individually 

b 

D or in combination. 

^ ,i -f^v i-h<= nresent invention include 
P 10 The aging inhibitors useful for the presen 

2 , , _ a sulfur-based ones, radical 

R commonly used known ones, e.g., 

U inhibitors and nltraviolet ray absorbers. 

5 The sulfnr-based a g in g inhibitors useful for the present 

^ invention inolude.ercaptans, saits thereof, sulfides include 

" „ suifide carboxylate esters and hindered phenoi-based sulfides, 
polysulfides, dithiocarboxylates, thioureas, thiophosphates , 
sulfoniur. compounds, thioaldehydes, thio k etones, meroaptals, 
m ercaptols, monothio acids, polythio acids, thioa^ides, and 
sulfoxides . 

i^o of the sulfur-based aging inhibitors 
The concrete examples of the suirui 

r, ?-mercaptobenzothiazole; salts of 
include mercaptans, e.g., I mercapi- 

mercaptans, e.g., zinc salt of 2-mercaptobenzothiazole ; 
sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 
4 , 4' -thio-bis (2-methyl-6-t-butyl phenol) , 
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2, 2' -thio-bis (4 -methyl -6-t -butyl phenol) , 
bis (3 -methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
terephthaloyl di (2, 6-dimethyl-4 -t-butyl-3-hydroxybenzyl ) 
sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
5 dilauryl thiodipropionate , distearyl thiodipropionate, 

dimyristyl thiodipropionate, ditrideoyl thiodipropionate, 
distearyl P,P'-thiodibutyrate,lauryl-stearyl thiodipropionate 

and 2, 2-thio [diethyl-bis-3- ( 3 , 5-di-t-butyl-4-hydroxy 
phenol) propionate]; polysulf ides , e.g., 2-benzothiazole 
10 disulfide; dithiocarboxylates , e.g., zinc 

dibutyldithiocarbamate, zinc diethyldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl-phenyl-dithiocarbamate and zinc 
15 dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 

ethylene thiourea; and thiophosphates, e.g., 
trilauryltrithiophosphate . 

The above-described sulfur-based aging inhibitor prevents 
20 decomposition/aging of the main chain under heating much more 
efficiently than the other types for the composition (16) of 
the present invention, controlling the problems, e.g., residual 

surface tackiness. 

The radical inhibitors useful for the present invention 
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include phenol-based ones, e.g., 

2,2-methylene-bis(4-methyl-6-t-butyl phenol) and 

tetrakis [methylene-3- ( 3 , 5-di-t-butyl-4 -hydroxyphenyl ) propio 

nate] methane; and amine-based ones, e.g., 

phenyl-p-naphthylamine, a-naphthylamine, 

N,N'-sec-butyl-p-phenylenediamine, phenothiazine and 

N, N' -diphenyl-p-phenylenediamine . 

The ultraviolet ray absorbers useful for the present invention 

include 2-(2'-hydroxy-3' , 5 ' -di-t-butylphenyl ) benzot riazole 
and bis(2,2,6,6-tetramethyl-4-piperidine) cebacate. 

Curable composition (16) a nd its uses 
The curable composition (16) of the present invent ion contains 
the curable composition with the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber as the component (Al), as described in detail earlier. 
More concretely, it contains 

(a) the organic polymer (Z) containing the hydrolyzable silyl 
group represented by the general formula [III] and essentially 
no unsaturated double bond in the main chain, 

(b) a nickel-containing light stabilizer (S) , and 

(c) a silane coupling agent (T) . 

It can be suitably used for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas, as described earlier. 



360 



SF-768 



o 

D 

Oio 

SB 

□ 



w 

fee? 

sj 
O 

ni 



15 



n6 , of the present invention can 
The curable compositxon (16) of P 

^<= coating materials or 
be used as sealants, potting agents, 

for electric/electronic device members, 
adhesxves for elects 

M and civil engineering/constructxon, 
transportation machines, and 

and leisure areas. 

rds the present invention provides sealants, 
In other words, tne pj- 

trials and adhesives, composed of 
4-o rnatinq materials suu 
potting agents, coating 

, cl an d (C) silane 
■ „ Hnht stabilizer (S) ana 
{b ) nickel-contammg light 

coupling agent (T) - 

aarj^b^e^r^^ 

„ nl) 0 f the present invention 
The curable rubber composition (17) 

contains the silyl-containing 

^lene/a-olefin/non-con.ugated polyene random copolymer 
rubber and a sulfur-based aging inhibitor^ 0, • 

A S ilanol condensing catalyst is used, as reguired, 
the(Al ) component as the ma.or ingredient of the curable rubber 

n-n of the present invention, 
composition (17) oi rne y 

iheconcreteexa , leso n te — 9 — ^ 1£M 

the PM ^ — — — eg -; th :;;;; 

' . tin cctyl-t. ana tin n^enate; product o £ t h e 
diacetate, tin outy 
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reaction between dibutyl tin oxide and phthalate ester; dibutyl 
tin diacetylacetonate; organoaluminum compounds, e.g., 
aiuminum trisacetylacetonate, aluminum trisethyiacetoacetate 
and diisopropoxy aluminum ethylacetoacetate; chelate compounds, 
e.g., zirconium tetraacetylacetonate and titanium 
tetraacetylacetonate; lead octylate; amine-based compounds, 
and salts of these compounds and carboxylates, e . g . , butylamine, 
monoethanolamine, triethylenetetramine , guanidine, 
2-ethyl-4-methylimidazole and 1 , 3-diazabicyclo (5, 4 , 6) 
1 10 undecene-7 (DBU) ; and other known silanol condensing catalysts, 



v"i acidic or basic. 



H 
□ 



15 



20 



[Sulfur-based aging inhibitor (U) ] 
The sulfur-based aging inhibitors useful for the present 
invention as the (U) component includemercaptans , salt s thereof , 
sulfides including sulfide carboxylate esters and hindered 
phenol-based sulfides, polysulf ides , dithiocarboxylates, 
thioureas, thiophosphates , sulfonium compounds , thioaldehydes , 
thioketones, mercaptals, mercaptols, monothio acids, polythio 
acids, thioamides, and sulfoxides. 

The concrete examples of the sulfur-based aging inhibitors 
as the (U) component include 

mercaptans, e.g., 2-mercaptobenzothiazole ; 
salts of mercaptans, e.g., zinc salt of 
2_ m ercaptobenzothiazole; 
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sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 
4 , 4' -thio-bis (2-methyl-6-t-butyl phenol) , 
2, 2' -thio-bis (4-methyl-6-t-butyl phenol) , 
bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
5 terephthaloyl di (2 , 6-dimethyl-4-t-butyl-3-hydroxybenzyl ) 

sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
dilauryl thiodipropionate, distearyl thiodipropionate , 
S dimyristyl thiodipropionate, ditrideoyl thiodipropionate, 

S distearyl M ' -thiodibubyrate, lauryl-stearyl thiodipropaonate 

i 10 and 2 ,2-thio[diethyl-bis-3- ( 3,5-di-t-butyl-4-hydroxy 

phenol) propionate] ; 

polysulfides, e.g., 2-benzothiazole disulfide; 

dithiocarboxylates, e.g., zinc dibutyldithiocarbamate , zino 

r** . w n T r vpi dibutvldithiocarbamate, zxnc 

B diethyldithiocarbamate, nicKei aiDuiyi 

ry 

15 di-n-butyldithiocarbamate, dibutyl ammonium 

dibutyldithiocarbamate, zinc ethyl-phenyl-dithiocarbamate and 
zinc dimethyldithiocarbamate; 

thioureas, e.g., l-butyl-3-oxy-diethylene-2-thiourea, 
di-o-tolyl-thiourea and ethylene thiourea; and 
20 thiophosphates, e.g., trilauryltrithiophosphate . Other 

compounds may be used for the present invention, so long as they 
are sulfur-based ones having an aging inhibiting function. 

The above-described sulfur-based aging inhibitor (U) prevents 
decomposition/aging of the main chain under heating much more 
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efficiently than the other types for the composition ,17, of 
th e present invention, controlling the problems , residual 

surface tackiness. 

The above-described suifur-based aging inhibitor ,0) is 
5 in corporated normally at 0 . 01 to 10 parts by weight per 100 parts 
by weight of the silyl-containing 

ethylene/a-olefin/non-con.ugated polyene random oopolymer 
\t rubber ,M . , preferably 0.1 to S parts by weight. It shows a 

B sufficient effect of improving resistance of the composition 

1 10 to heat without causing any problem, e.g., coloration. 

„„l„ used aging inhibitors may be used in 
One or more commonly usea agruy 

combination of the sulfur-based aging inhibitor (0 , . These 
aging inhibitors include phenol-based radical inhibitor, e.g. , 
2 , 2 .-methylene-bis(4-methyl-6-t-butyl phenol) and 

u , - -> n 5-di-t-butyl-4-hydroxyphenyl)propio 
15 te trakis[methylene-3-(3,5 di t 

nate) methane; ultraviolet ray absorber, e.g., 
2M2 . -hydroxys, 5' -di-t-butylphenyl) benzotriazole and 
b is ( 2,2,6,6-tetramethyl-4-pi P eridine, cebacate; metal 
^activator, ozone-caused aging inhibitor, light stabilizer, 
2 0 amine-based radical chaining inhibitor, phosphorus-based 
peroxide decomposer,- citric acid; and phosphoric aczd. 

Moreover, various silane compounds may be used as the property 
adj uster for the present inventzon, to control strength, 
elongation and other properties of the cured product over a wide 
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range The concrete examples of these compounds include the 
£oll owin 9 siUcon compounds havino one or .ore silano! group 
or other h y droryza bj .e groups, aithough not U.ited thereto: 

( CH3>,SiOH, ( CH3CH 2 „SiOH, <CH 3 CH 2 CH 2 ) 3 SiOH, 

(C 6 H 5 -) 2 (CH 3 -)SiOH, ,CH3-) 2 (C,H 5 -)SiOH, 



o 

D 
""'4 

□ 

UJ 



HO 



CH 3 

I 

SiO - 

I 

CH 3 



R 



2-20 



ru 



365 




HO 



CeHs 
I 

S iO - 



CaHi 



P 



CH: 



- S iO 
I 

CHj 



R 



(p + q = 2~2 0) 
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CH 3 CH 3 



CH 3 



Si 



/ 

CH 3 



O 



O CH3 
Si 

/ \. 

o 



Si 

/ \h 

CH 3 CH 3 



C 6 H 5 C 6 H 5 
^Si 

/ \ n 

QH, O ° ,C 6 H 5 

\../ \/ 

/ \ 
O O C 6 H 5 



Si 



C ft H 



6 n 5 



Si' 



C 6 H 5 C 6 H 5 



(CH 3 ) 2 Si(OCH 3 ) 2 , (CH 3 CH 2 ) 2 Si(OCH3) 2 , (CH 3 ) 2 Si (OCH 2 CH 3 ) 2 , 
(CH 3 CH 2 ) 2 Si(OCH 2 CH 3 ) 2 , (C 6 H 5 ) 2 Si (OCH 2 CH 3 ) 2 , (C 6 H 5 ) 2 Si (OCH 3 ) 2 
(C 6 H 5 ) 2 Si(OH) 2 , (CH 3 -C 6 H 5 ) 2 Si(OCH 3 ) 2 , (CH 3 -C 6 H 5 ) 2 Si (OH) 2 , 
(CH 3 ) 2 Si(OCH 2 CH 2 OCH 3 ) 2 , 
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(CH 3 CH 2 ) 2 Si(OCH 2 CH 2 OCH 3 )2, (CH 3 ) (CH 3 CH 2 ) Si (OCH 3 ) 2, 

(C 6 H 5 ) (CH 3 ) Si (OH) 2 , (C 6 H 5 ) (CH 3 CH 2 ) Si (OH) 2 , (C 6 H 5 ) (CH 3 ) Si (OCH 3 ) 2 
(C 6 H 5 ) (CH 3 CH 2 )Si(OH) 2 , 



HO 



CH 3 

I 

SiO • 

I 

CH 3 



H 



J 2-20 



HO 



CH, 



SiO ~ 
I 

C 6 H 5 



H 



2~20 



CH, 



CH3O 



SiO - 
I 

C 6 H 5 



CH 3 



HO 



2-20 



C 6 H 5 
SiO " 



H 



C„H 
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HO- 



C 6 H 5 
Si — 



r 



C 6 H 



6^5 



CH, 



O 



Si 



CH, 



C,H 
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Si 
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OH 
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HO- Si — 
I 

CeHs 



CHaO 



CffHi 
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• SiO- 
I 

CbHb 



CHa 
I 

• Si — 
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CHa 



O — 



CeHs 
I 

S i — 
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CbHb 



CeHs 
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Si OH 
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CeHs 



( x + y = Q~18) 
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CeHs 
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CeHs 
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CeHs 
1 

CHaOS i ■— 
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CeHs 



Q — 



CHa 
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Si — 
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CHa 



CHa 
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■ S i — 
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CHa 
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CeHs 
1 

S iOCHa 
1 

CeHs . 



r 



o — 



CbHb 
1 

Si — 
I 

CeHs 



CeHs 
I 

SiOCHa 
I 

CeHs 



(x + y= o~i 8) 



HO 



CHa 
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CeHs 
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(CH3)3 Si-NH-Si(CH3)3, (CH 3 )3Si-N(CH 3 ) 2 , 
(CH 3 ) 3 Si-NH-CO-NH-Si (CH 3 ) 3 , 



CH 3 



(CH 3 ) 3 Si 



— o — CN Si (CH 3 ) 3 



C 6 H 5 



II N CO NH C 6 H 5 

Vie. 



I 

Si (CH 3 ) 3 



m 10 

4e* 



hi 



(CH 3 ) 3 Si N 



V 



:N 



15 



O 
II 

C F 3 — S OSi(CH 3 ) 3 

II 

o 



20 



in the above formulae, R is hydrogen 
of 1 to 20 carbon atoms. 



atom, or a hydrocarbon group 



The 



methods for incorporating the s 



ilicon compound fall into 



3 general categories. 

The first .ethod m «e ly adds the siiicon co.pound to the 
.UyX.cont.inin, ethyXene/a-oXeUn/non-con^ated poXyene 
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random copolymer rubber (M , , w-rein it is — V dispersed 
and dissolved by carefully setting the conditions, .., . . 
temperature and stirring conditions, as reguired in 
cons iderationofthesilico„compoundpro P erties. inthiscase, 

the composition may not be necessarily transparent completely, 
and can adequately achieve the objectives even when it is not 
transparent, solongasthecompositionissufficientlydispersed 

therein. A dispersibil ity improver, e.g., surfactant, maybe 
used, as required. 

+- i +- w of the silicon compound 
The secondmethodmixes a given quant ity of the 

uit h the final product, when it is used. Per example, when the 

composition is used as a two-liguid type sealant, the silicon 

• d ,s the third component with the base and 
compound may be mixed as the tm 

the curing agent for the composition. 

Th e third method reacts the silicon compound beforehand with 
thesilyl-containingethylene/a-olefin/non-con.ugatedpolyene 

ww >- fzx-n in the presence of a silanol 
random copolymer rubber (AD m the p 

sensing catalyst, as required. When the silicon compound 
is reacted with moisture into a compound having a silanol group 
, lp a required quantity of water is added to the 
90 in the molecule, a require H 

and afterwards evaporated off under a vacuum 
reaction system, and arteiwa 

and heating, to achieved the object. 

•4--«r, in) of the present invention, 
The curable rubber composition (17) of P 

comprising the silyl-containing 
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ethyl ene/a-olerin/non-con jUg ated polyene — co P oly m er 
rubb er <A1, an d a sulrur-hased s g in g inhibitor ,0, as the ~,or 
ing redients, .ay he incorporated, as required, with one or m ore 
add itives, to b e g in wit. the vsrious silane compounds descrihed 
5 ab „ve as the property alters. The other a d ditives useful 
for the present invention include various types of frller, 
plesticizer. silanol con d ensin g oatalyst which promotes curing 
S ot the silyl-containing ethyle„e/a-olef in/non-con, ugated 

p olye neranuo m copolymer ruhher ,M ,, aging inhihitor other than 

.•uitnr (O) ultraviolet ray absorber, 
the sulfur-based aging inhibitor (U) , ult 

^^-h ^arkifier, and water, 
iubricant, pigment, foaming agent, tackxfxe 

of the fillers include wood powder, 
The concrete examples of the Ixiie 

p U lp, cotton chips, ashestos, glass fihers. carhon f ihers , m ica, 
ua lnut shell powder, rice huil powder, .raphite, diatcaceous 
earth , white ciay, fu.ed silica, settling silica, silicrc 
anhyd ride, carhonhlact, calciu.carhonate, clay, talc, titanic, 

miartz fine aluminum powder, flint 
oxide, magnesium carbonate, quartz, tin 

powder, and zinc powder. 

h , used either individually or in combination. 
They may be usea eiuici 

Th e concrete examples of these plasticizers include: 
hydr ocar b on- b ase d compound e.g., polyb»«n.. hy d ro g enated 
polygene, ethylene/a-olef in cooler, a-nethyl styrene 
oligomer, hiphenyl, triphenyl, triaryl dimethane, al.ylene 
triphenyl, liguid polyoutadiene, hydrogenated liqurd 
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poiybutadiene, aixyl process oil. Puffin oil, 

naphthene oil and partially hydrogenated ter-phenyl.- 
paraffin chlorides; 

„ those of dibutyl phthalate, diheptyl 
phthalate esters, e.g., those o 

n Phthalate, butyl benzyl phthalate 
phthalate, di (2-ethylhexyl) phthalate, 

and butyl phthalyl butyl glyoolate; 

4- ~~ o rr those of dioctyl 
non-aromatic, dibasic acid esters, e.g., 

adipate and dioctyl cebacate; 

esters o £ polyal*ylene giycoi. e.g., those of -ethylene 
gly col benzoate and Methylene glycol drbenzoate; and 

„ th ose of tricresyl phosphate and 
phosphate esters, e.g., those 

v, , Of these, saturated hydrocarbon-based 
tributyl phosphate. Of these, 

, ot . ah i P They may be used 
compounds are particularly more preferable. 

. . iriuallv or in combination. The plasticizer may be 
either individually ox 

, _ nrnrpss of introducing 
a ■ nl.ce of the solvent during the process o 
5 used m place ox 

a hydrolyzable silyl group into the 

^ene/a-olefin/non-conjugated polyene random copolymer 
r ubber the purposes of, e . g . , ad, ust ing reaction 

t emperature and viscosity of the reaction system. 

Horeover, the curable rubber composition <„> of the present 
inve „tron may be incorporated with various tacUf iers to further 

improve its adhesion. 

Th e concrete examples of the tac.if rers useful for the present 
mention inciude sifane coupling agents, e.g., epoxy resin, 
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ph enolic resin, -inosUa.e and epoxysilane compounds, alKyl 

ti tanates; and aromatic polyisocyanates . Tbese may be used 

eith er individual or in semination, to improve adhesion of 

. • „ ar ious tvpes of objects, 

the composition to various typ 

, Th e curable rubber composition ,17, of tne present invention 
can be suitably used for varrous materiais, adbesives, 

• 4.4 wAteroroof materials, 

tackifiers, paints, sealant compos.txons, waterp 

H , pri als shapingmaterials and casting rubbermatenals. 

p spray materials, sndpxny 

Curable_rubber_^^^ 

•4--^ (171 of the present invention 
The curable rubber composition (17) of the p 

, ..u the silyl-containing 
contains the curable composition with the y 

■ .t.rf oolvene random copolymer 
ethylene/o-olefin/non-con 3 uqated polyene 

rubb er as tbe component UU> , as described earlier. Here 
concretely, it contains tne or g anic polymer ,Z, and a 

• .■hifnr (U) It can be suitably used for 
sulfur-based aging inhibitor (U) . 

electric/electronic device members, transportation macbines, 
and civil en g ineerin g /construction, medical and leisure areas, 

as described earlier. 

The curable rubber composition (17, of tbe present invention 
can be used as sealants, pottin, a.ents, coatin, materials or 

for electric/electronic device members, 
adhesives for eiectrxe./ 

, • ^ and C i v ii engineering/construction, 
transportation machines, and civil y 

and leisure areas. 
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Curable composition (18) 
Thecurablecomposition (18, of the present invention contains 
the silyl-containingethylene/<x-olef in/non-con justed polyene 
random copolymer rubber ,A1> , and a compound having in the 
macule, an nnsaturated group capable of triggering 
)ly merization by reacting with oxygen in air and/or a 
photopolymerizable material (V) . 

The curable composition ,18, of the present invention contains 
the silyl-containing ethylene/a-olef in/non-conjugated polyene 
W random copolymer rubber (M, preferably at 10, or more, more 
preferably at 20* or more, still more preferably at 30* or more. 

The curable composition ,18, of the present invent ion exhibzts 
excellent characteristics with respect to curing speed and 
resistance to weather, which is mainly derived from the 
15 etnylene/«-olefin/non-con:ugated poiyene random copolymer 
rubber ,M, containing the hydrolyzable ailyl group. 
(Oxidative-polymerizable material and/or photopolymeri zavle 

material (V) ] 

, f . n nR ) of the present invention is 
The curable composition (1H) or tne t> 

20 incorporated with the (V, component of a compound having, in 

the molecule, an unsaturated group capable of triggering 

polymerization by reacting with oxygen in air and/or a 

photopoiymerizable material, in order to enhance its 

weather-resistant adhesion. They can exhibit their functions 
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when used individually, and may be used in combination. 

Of the above-described materials for the <V> component, the 

compound having, in the molecule, an unsaturated group capabie 

, 7at ion by leading with oxygen in air means, 

of triggering polymerization oy 

in short, an oxidative-polymerizable material. 

The concrete examples of the oxidative-polymerizable 

rials include ester compounds of unsaturated higher fatty 
ids and alcohols; diene-based polymers and copolymers, e.g. , 
those of 1,2-polybutadienes, 1 , 4-polybutadienes and dienes of 
5 to 8 carbon atoms; and various modifications of these polymers 
and copolymers, e.g., those modified with maleic acid or boiled 
oil. Reactivity of oxidative polymerization depends on, e.g., 
reaction temperature, humidity, and presence or absence of light 



mate 
ac 



□ 

ft! and additive 



15 !t is therefore considered that, when a compound having, in the 
m olecule, an unsaturated group capable of triggering 
polymerization by reacting with oxygen in air is added as the 
(V, component, it worxs as the weather-resistant adhesion 
im prover more strongly when irradiated with light, owing to its 
2 0 ability of forming a still harder coating film on the adhesion 
surface with an object, e.g.. glass. However, it shows no 
deterioration of the initial adhesion strength. 

Wh en an ester compound with an ester of an unsaturated higher 
fatty acid and alcohol as the major ingredient is incorporated 
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nt- the curable composition (18) will have 
as the (V) component, the curaox 

• aHhpsion to various types 

markedly improved weather-resrstant adhesron 

a heat ray reflective glass. The unsaturated 
of glass, e.g. , heat ray 

high erfattyacidcomponent t ortheesterofan U nsaturated h igher 

, fa tty acrd an d alcohol preferably h as at least 10 carbon a« 
ln the molecule, and « have each at least one unsaturated group 

and carboxyl group. 

Th e concrete examples of the ester compounds of unsaturated 
hi gher fatty acids include those produced by the condensation 
10 of unsaturated higher fatty aofds, e.g., ol.i=. Unolxc 

lin olenic. eleostearic, licanic, ricinolic or arachidonic acid, 
uith alcohol selected from the .roup consrsting of monovalent 

i\ Hiv^lent alcohols (e.g., 
alcohols (e.g., methanol andethanol), drvalent 

-i \ +- y-n val ent alcohols (e.g./ 
ethylene glycol and propylene glycol) , trivalent 

„ trimethylol propane and glycerin, , tetravalent alcohols .e.g., 
pentaerythritol, , hexavalent alconols (e.g., sor.lt), and 
organosiliconcompoundswithhydroxylgroupbondedviaanorganrc 

group bonded to silicon atom. 

„ is Known that a saturated fatty acid group has much lower 
20 reactrvrty for the oxidative polymeriratron than an unsaturated 
£atty acid group, and that unsaturated fatty acidgroups increase 
reactivity in proportion to number of the double bonds they 
contain and degree of conjugate. Therefore, of the ester 
compounds of unsaturated higher fatty acids, the ones having 
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an iod ine .aloe of ,00 or .ore are m ore preferable - tbeir 

hiqh reactivity. 

9 The ester pounds of unsaturated ^ fatty - 
haV ing an iodine value of 100 or more may be produce by 

. of an unsaturated higher fatty acid and alcohol, 
5 condensation of an 

■k h above However, use of a drying 
as described above. 

because it is readily available. These 
practical costwise, becaus 

dryi ng oils include those comprising, as 

• e ester of an unsaturated higher fatty 
a triglycerin ester, i.e., ester 

H nil china wood oil, soybean 
0 n flaxseed oil, C1U "° 
10 acid and glycerin, e.g., f 

•i nrnshi kernel oil, ^ eruia 
oil , hemp -seedoil, isanooil, urushi 

i rhprrv seed oilr 
• , k ava oil, walnut oil, POPPY oil, cherry 

— doil Slower see* oil. grape .ernel 
kernel oil, rubber seed oil, 

a , oil and honewort seed oil. 
oil. balsam seed on 

ntain ester compounds of unsaturated 
These drying oils may contain 

• in or more carbon atoms, ester compounds 
hioher fatty acids having 10 or more 

atoms , al cobols, unsaturate* fatty aciCs, - — ^ 

* ^turated higher fatty acids having 
20 ac ios. Ester c-po- of — 

10 or „ore carbon atoms preferably account for 

• ~v,+- nf the drying oil- 
weigbt, most preferably 100% by -rght 

Rs describe, earlier, reactrvity for tbe oxrdatrve 

■ ■ creases in proportion to degree of conjugate 
polymerization increases in p V 
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of the unsaturate, fatty ac id group. Therefore. d rying oils 

„ it h . triglyoerin -~ of high " 

licanic, punicicor canulupinic 
• ho p, a eleostearic, licanic, y 
fatty acids, e.g., ex 

acid , a s the m a j0 r ingreoient ha.e high — «~ 

The concrete -? «~ — - - * 

este r of con.ugate-base. unsaturate, higher fatty ac id s as th 
maj or inelu.e ehrna woo d , oiticica. PO-^e see d 

in and balsam seed oils. 

j_ -j „ rnllD in the molecule 
i , -_ h an unsaturated group m 
These compounds with an un* 

v • «n hv; reacting with oxygen 
capable of triggering the polymerrzatron by 

ln ai r .ay be use d eitber in d r.i d ually or in ccbinatrbb 
Of tbe abo.e- d escribe d aerials for the «V, opponent, 

in ^hort, a compound having 
• i_i ca material means, in snort, 
15 photopolymerizable materi 

an unsaturate, group -hose uouble bcn d is activate, when 
.terraisare.o.tofaiiintotbrscategory.rncle.i.org.ro 

ollqol6ts . resins ana compositions contarnrng one 
monomers, oligomers, 

of th em ,ny relevant commercial material may he used 

20 • The photopolymerizable material, when 

the present invention. The photop 

* ,,„rks as the weather-resistant 
used as the (V) component, works as 

because it can form a hard coating film on 
adhesion improver, because it 

r, nlass, when irradiated 
the adhesion surface with an object . e . g . , glass 
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ui t h n 9 ht. ^,ns to , SM — 1 

adhesion strength. 

Th e photoporymerrrahre — d — COn " ined 
phol ose Mit ,e resins ror the photopoiymeriration 

^ acrvlovl, methacryloyl, 
amino, acetylenio unsaturated, acryi 

. vl croup 0£ these, aeryloyiandmethacryioyi 

stvrvl and cinnamoyl group . 

of their high polymerization 
are more preferable, because of their 

initiation efficiency. 

• tive re sins containing acryloyl 
„f t-hP nhotosensitive lesm 
The examples of the pnotu 

or methaeryioyi ,rou P ior t h e photopoiymeri.tion systems 
includ e aoryiamrde derr.atr.es, met.aory.am.eder.at^ nd 

(meth)ac ry 1 ates,o f „ hi o h( met h ,aory 1 atesaremorepre £ era bl , 

. -. unuv for various types, 
because of their availability 

• this specification is a generic term including 
15 (Meth) acrylates in this specir 

both acry i a tes and methaeryiates . ^ 
Hhe n a mono-funetionai photopoiymerrzabie 
(methlac ryiate as the ma.or ingredient has one 

2o thephotopol ymerrtatron. , a murti-zunctionai ( met ^ 

hotosensitive (unsaturated) groups, on the 
having » or more photosensr take 

other hand , photopolymerizatzon and phot 

plaC e simuitaneousiy, to rorm poiymer mo.eou.es or net„or k 
str uotures. zhererore, such a ( metn,acr yl ate is more 
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preferable, because a harder coating film can be formed on the 
adhesion interface, to enhance the effect of improving 



The concrete examples of themulti-f unctional (meth) acrylates 
include propylene, butylene or ethylene glycol 
di (meth) acrylates having 2 functional groups; 
trimethylolpropane tri (meth) acrylate and pentaerythritol 
tri (meth) acrylate having 3 functional groups; and 
pentaerythritol tetra (meth) acrylate, dipentaerythr itol 
penta (meth) acrylate and dipentaerythritol hexa (meth ) acrylate 
having 4 or more functional groups. Moreover, the examples of 
the oligomers include oligoesters having a molecular weight of 
10,000 or less, e.g., polyethylene glycol di (meth) acrylate and 
polypropylene glycol di (meth) acrylate . The multi-functional 

(meth) acrylates preferably have 2 or more acrylic- or 
methacrylic-based unsaturated groups, more preferably 3 or more. 
The unsaturated acrylic-based compound has the higher effect 
of improving weather-resistant adhesion as its number of 

functional groups increases. 

The other examples of the photopolymerizable materials 

include polyvinyl cinnamates and azide resins. 

The polyvinyl cinnamates include cinnamate ester compounds 

of polyvinyl alcohol, known as photosensitive resins with 

cinnamoyl group as the photosensitive group, andmany other vinyl 
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polycinnamate derivatives. 

The azide resins include rubber photosensitive liquids, known 
as photosensitive resins with azide group as the photosensitive 
group and normally incorporated with a diazide compound for the 
5 photosensitive group, and others described in detail in 

"Photosensitive Resins, published on March 17, 1972 by the 
Society of Printing, PP .93, 106 and 117). These may be used 
O either individually or in combination, and incorporated, as 

o 

S ^ required, with a photosensitizer . 
□ 

S io These photopolymerizable materials may be used either 

; J individually or in combination. When the (V) component is 

| required to exhibit its effect of improving weather-resistant 

Sj adhesion more securely and more quickly, incorporation of a 

fare. 

S photosensitizer is effective for the above purpose. When the 

15 (V) component, which is a compound having, in the molecule, an 
unsaturated group capable of triggering polymerization by 
reactingwith oxygen in air and/or aphotopolymerizablematerial, 
is incorporated in the composition (18) of the present invention, 
the curable composition containing the saturated 
20 hydrocarbon-based polymer having a reactive silicon group can 
be greatly improved in its weather-resistant adhesion. On top 
of that, the (V) component has no adverse effect on the properties 
of the cured compositions. It is incorporated preferably at 
0.1 to 20 parts by weight per 100 parts by weight of the (Al) 
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component, partner!, P^-aM, 1 to ,0 part. »y wei.ht. « 
belo „ O.i Pa- by weight, it ma y not sufficient elicit the 

,hPr-resistant adhesion. At above 20 
effect of improving weather resista 

lability of the sealant 
parts, it may deteriorate storage stability 

composition . 

The curaoie composition ,1.) of the present invention, 
.on^nin, t h e ( M, an d «V, components, shows — a.hesion 
n ana weather-resistant adhesion to a dase materiai t h an a curadie 

l .opposition free of the «V, component, decease the «V, component 

S w fs coreo o Y tne actions o f o* yg e„ and/or ii.nt. These 
^ characteristics are exhiditedeven when tne composition contains 

„ Bnt described later. However, it will 
no silane coupling agent, descrio 

exhlb it stiii fetter adhesion and weather-resistant evasion, 
S „ h enincotpotate d -it h asi 1 aneco U piin g a g ent. 

•v«r, M8. of the present invention may 
15 The curable composition (18) o£ tn p 

fpd as re quired, with one or more additives. The 
be incorporated, as requxj. 

additives usefni tor tne present invention include siiane 
couplin. a.ent, curin, catai.st which promotes t h e siianoi 
condensation, propett y adjuster which a dj usts the 

, • relate, properties of the cure d product, plasticiser, 
20 tensile-reianeu t>i-w F 

^hihitor radical inhibitor, 
filler, adhesion improver, aging inhibitor, 

ultr aviolet ray absorber, metal deactivator, ozone-caused aging 
inhibitor, light stabilizer, phosphorus-based peroxide 
decomposer, lubricant, pigment, and foaming agent. 
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The silane coupling agent, which is incorporated as required 
in the curable composition (18) of the present invention, 
improves adhesion strength of the cured silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al) to the base material and other objects. It is a 
compound which has a group containing the silicon atom to which 
a hydrolyzable group is bonded (hereinafter referred to as 
hydrolyzable silicon group) and one or more other functional 
groups . 

3 10 The concrete examples include those described earlier as the 

hydrolyzable groups, of which methoxy and ethoxy are more 
preferable viewed from hydrolysis speed. It preferably has 2 
or more hydrolyzable groups, still more preferably 3 or more. 

The functional groups useful for the present invention, other 
thanthehydrolyzablesilicongroups, include primary , secondary 
andtertiary amino, mercapto, epoxy, carboxyl, vinyl, isocyanate, 
isocyanurate, and halogen. Of these, primary, secondary or 
tertiary amino, epoxy, isocyanate and isocyanurate are more 
preferable, and isocyanate and epoxy are still more preferable. 

The concrete examples of the silane coupling agents useful 
for the present invention include amino-containing silanes , e . g . , 
7-aminopropyltrimethoxysilane, 7 
-aminopropyltriethoxysilane, 7 
-aminopropylmethyldimethoxysilane, 7 
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-aminopropylmethyldiethoxysilane, T - (2-aminoethyl) 
aminopropyltrimethoxysilane, 7 - (2-aminoethyl) 
aminopropylmethyldimethoxysilane, T - ( 2-aminoethyl ) 
aruinopropyltriethoxysilane, 7 - (2-aruinoethyl ) 
aminopropylmethyldiethoxysilane, 7 
-ureidopropyltrimethoxysilane, N-phenyl- 7 
-aminopropyltrimethoxylsilane, N-benzyl- T 
-aminopropyltrimethoxylsilane and N-vinylbenzyl- T 
-aminopropyltriethoxylsilane; mercapto-containing silanes, 
e.g., r -mercaptopropyltrimethoxysilane, T 
-mercaptopropyltriethoxysilane, 7 
-mercaptopropylmethyldimethoxysilane and 7 
- m ercapto P ropylmethyldiethoxysilane; epoxy-containing 
silanes, e.g., 7 -glycidoxypropyltrimethoxysilane, 7 
-glycidoxypropyltriethoxysilane, 7 
-glycidoxypropylmethyldimethoxysilane, 
P - (3, 4-epoxycyclohexyl) ethyltrimethoxysxlane and 
P - ( 3,4-epoxycyclohexyl)ethyltriethoxysilane; carboxysilanes, 

e.g., p-carboxyethyltriethoxysilane, 
p-carboxyethylphenylbis (2-methoxyethoxy ) silane and 
N-p- (carboxymethyl) aminoethyl- 7 

-aminopropyltrimethoxysilane; vinyl type unsaturated 
gr oup-containin g silanes; e.g., vinyltrimethoxysilane, 
vinyltriethoxysilane, 7 
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-methacryloyloxypropylmethyldimethoxysilane and 7 
- ac ryloyloxypropylmethyltriethoxysilane ; halogen-containing 
silanes, e.g., T -cbloropropyltrimethoxysilane; silane 
is ocyanurates. e. g ., trie ( trimethoxysilyl > isocyanurate ; and 
isccyanate-containing silanes, e.g., r -isocyanate 
propyltrimethoxysilane, r -isocyanate propyltriethoxysilane. 
r -isocyanate propylmethyldiethoxysilane and r-isoeyanate 
p ropylm ethyldimethoxysilane. "o.eover, the .edifications of 
the se compounds as their derivatives ate aiso useful as the silane 
O 10 cou pling agents. These compounds include amino-modif led .11,1 
pclymers, silylated amino points, unsaturated aminosilane 
complexes, Hook isocyanate silanes, phenylamino-long 
K chain-alxyl silanes, aminosilylated silicone and silylated 
polyesters . 

The silane coupling agent, which is optionally used for the 
prese „t invention, is incorporated preferably at 0 . 1 to 20 parts 
by weight per 100 parts by weight of the 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al ) containing hydrolyzable silyl group, particularly 
referably 0.5 to 10 parts by weight. These silane coupling 
agents may be used either individually or in nomination. The 
composition (18, of the present invention may be further 
incorporated with a tacxifier other than the silane coupling 
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The pllStid!H may be used in place of the soivent ~ 

the process of introducing a hydremia — 

■ ....h nolvene random copolymer 
ethylene/a-ole£in/non-con:ugated polye 

„ f e a , adjusting reaction 
rubber (A.), t°r the purposes of, e.g., 

temperature and viscosity o £ the reaction system. 

The concrete espies o £ these additr.es are described rn. 

Patent Publication Nos . 69659/1992 and 
e g , Japanese Patent 

, Taoane se Patent Laid-Open Publication 
108928/1995, and Japanese v 

N os. 254149/1988 and 22904/1989. 

... ( i8l of the present invention shows 
The curable composition (18) of P 
. .table effect of improving adhesion to a. ariety of object 
..... inorganiedasesof glass, aluminum, stainless steel , n , 

resin , polyester, polyethylene, polypropylene and 

significantly in the absence o £ a primer. 

. „ a , of the present invention shows 
The curable composition (18) of the p 

■ „ rather-resistant adhesion to 
a notable effect of improving weather 

va rious types of glass, e.g.,— inorganic glass .float 
glass,, Particularly noticeably when used as a sealant 

^- r,-\**i The heat ray 
fnr heat ray reflective glass, 
composition for heat ray 

• ala ss to which the curable composition (18) of the 
reflective glass to wn 

pre sentinventionisa P plicablemeansopticallyfunctional la 
l ted , on thesurface,withafilmof,e,.,meta 1 ,metalmtride 
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. , to reflect or absorb light of specif 

ormetal ° X ( — -^" KS ctin9 ■ 

^ e " also observed, even when various additives 

with oxygen in air is 

are incorporated. present 

te lv the curable composition (18) 
More concretely, construction 

j as a n elastomer sealant 
invention, when used vent ion or 

alant for laminated glass or rust p 
works, or a sealant of wire d or laminated glass , 

water-Proof of edges (cut sections, ' 

. 1 -i impr oved adhesion and weather res 
WU1 - S1 a larronso^rs,^ incorporated with the 
of the sealant to v« 

ab ove compounds. abd _i i s_uses 

CurableJS2E2£y^ . _ .„„ 

T^T^oTthe present inventron contarns 

Th e curable composrtxonl ble si lyl-containing 

virion with the hydrolyrable sily 
the ourable composrtron ^ 

, ,/a-olefin/non-ooniugated polyene 
ethylene/a ole as des cribed earlier. More 

rubber as the component ' d 

tely it contains the organic polymer <Z, 
concretely, ^ ^ capable o£ 

" I . by reacting — — 
triggering Pol^-atro it _ be suitab ly used for 

p.otopolymeri.able materral . machines , 

as described earlier. re£erab ly incorporated 

The curable composition ,13, rs preterab 
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• th th e a^s-^^M silane coupling 
£urthet ul th the t . nvention 

ki» rubber composition (18) ol tn 
The curable rubber coat ing materials or 

can be us ed as sealants, potting agents. 

£or electric/electronic device ^bers, 
adh6SiVeS . and civil engineering/construction, 

tra nsportation machrnes, and 

and lersure areas. ^ ptovides sea ia„ts, 

In other words, P adhesivesi compQsed Q£ 

--^•^ rlrnin.rbeb.aniepnl.er.and 

n moleC ule, an unsaturated group capable 
o£ triggering polymerrzatron by 

— — ti r;;;:;::; incorporated 

^Tl— .Coupling agent, ■ ben rt is used 
wit h the above-desc ^ . 

for sealants, potting agents, 

T ^yier_co HE2J ii^^ 

. (19 ) of the present invention 
The tacKifier composrtron (19) 

th . sil yl-containing 

.erWnon-con.ugated polyene random copolymer 
ethyl eneM-olerm/ „ (tf) anda outing catalyst 

(H) composed ot a *y 

tackiness imparting resxn («) ] 

■ re sin (K) can be used for the present 
A tackiness impartxng resxn 
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^ararteristics of the 
4- a ^nst the tackiness character! 
invention, to adjust 

composition. , 

■ rer resin, phenol resin, xylene resin, 
« roqin ester resxu/ p 
group, e.g., rosxn 

, . ol resin and terpene/phenol resxn, 
Xylen6/P d - ns e g , aromatic-, aiiphatic/aromatic 

petroleum-based resins, e.g., 

P n f relatively low 

h a licvclic-based resins of relati 
copolymer- and alicycn 

p lri ty ,.an dC c»cn t ^ne3 S i mP a rt in g re=in S .e. g .,c OUma ren 
resin, low- m olecular-weight polygene resin en, terpene 

^ concrete e^les of these resins include, signer 

f relatively low polarity, e.g., Petrosxn 
limited to, those of relatively 

tm (NIPP0 N PETROCHEMICALS) , 
801™ (Mitui Chemicals) , Neopolymer S (NI 

.4. =s i =10 0™ ( ZEON CORP • ) r 
Tackiace A100™ .Mitui coevals. , Quintone 1500 
FTR61 00™ .Mitui ch-1-l...Vicol..tic^-CH.rcuX..,, 

c 9 0™ .Nippon steel Chemical croup, ; and those having 
coumaroneC-90 t _ ii5t „ ^ vs 

a relatively low polar group, e.g., VS Poly 

sm qteoerite Ester 7™ (Hercules), 
PolystarS-145™ (Yasuhara Yushr) , Steperrt 

„ in „TM (NIP P0N PETROCHEMICALS), 
and Neopolymer E-10U l»i 

ti „„ resin («) varies depending 
content of the tackiness imparting resrn 

», it is incorporated preferably at 
on its type used. However, it 

s l lyl -containing ethylene/colef Wnon-con.ugated polyene 
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random copolymer rubber (Al) . At above 140 parts, it may not 
give the composition of good tackiness characteristics. 

[Curing catalyst (H) ] 
The curing catalyst (H) for the present invention is an 
organozirconium compound (Hi) represented by the following 
general formula [VIII] or an organoaluminum compound <H2) 
represented by the following general formul [IX] . Use of the 
curing catalyst (H) greatly improves reusability of the 
tackifiercomposition (19) of the present invention from silicone 

releasing paper. 



M 

S 

Q 

uj 

■USE; 

H 

m 
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(ro)„ z r : 



o 



o 



CH 



J 4-n 



[VIII] 



wherein, «n" is an integer of 0 to 4, R is a monovalent 
20 hydrocarbon group of 1 to 20 carbon atoms, and Y is a group selected 
from the group consisting of hydrocarbon of 1 to 8 carbon atoms, 
halogenated hydrocarbon, cyanoalkyl, alkoxyl, halogenated 
alkoxyl, cyanoalkoxy and amino group, which may be the same or 
different, and 
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-I 3-p 



[IX] 



20 



wherein, «p" is an integer of 0 to 3, R is a monovalent 
hydrocarbon group of 1 to 20 carbon atoms , and Y is a group selected 
from the group consisting of hydrocarbon of 1 to 8 carbon atoms, 
halogenated hydrocarbon, cyanoalkyl, alkoxyl, halogenated 
alkoxyl, cyanoalkoxy and amino group, which may be the same or 
different . 

The organozirconium compound (HI) or the organoaluminum 
compound (H2) means alkoxide-based compound or cheleate compound 
of zirconium or aluminum, represented by the above general 
formula [VIII] or [IX], wherein an organic group is bonded to 
zirconium or aluminum. It may be a monomer or an associated 
compound . 

The concrete examples of these compounds include, but not 
limited to, alkoxide-based compounds, e.g., (C 2 H 5 0) 4 Zr, 
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(iso-C 3 H,0) 4 Zr, (n-C,H,0,,Zr, (C B H 17 0, ,Zr, ( iso-C 3 H 7 0) 3AI , 
(i sc-C3H 7 0, 2 Al <sec-C 4 H 9 0, and <sec-C,H s O, 3*1; and cheleate 
compounds, e.g./ 

ir ,.c.c>. (zirconium tetraacetylacetonate, and so forth,, 
. »n-C.H 9 0,3Zr (aoac), <n-C.H s O, 2 Zr .acach, .n-C,H s O,Zr ,acao,3, 

, t „\ at ( acac) -i, (iso-C 3 H 7 0) 2 Al (ethyl 
(iso-C 3 H 7 0) 2 Al (acac), Al(acac, 3 , v 

acetoacetate) and Al (ethyl acetoacetate) 3 . 
I** The organoZ irconiu ra compound (HI) or organoaluminum compound 

l (H 2) may be useful, even when it is associated into a trimer 

O ^faivcts { H) may be used either 

5 10 or tetramer. These cut.™ catalysts 

S individually or in combination. 

b The curing catalyst (H, is incorporated preferably at 0 . 01 

O to 20 parts by weight per 100 parts by weight of the 

sily l-contarning ethylene/a-olef in/non-conjugated polyene 
15 random copolymer rubber <*!> . at below 0.01 part, the curing 
catalyst «H, may not sufficiently exhibit its catalytic effect . 
At above 20 parts, on the other hand, it will excessively promote 
the curing reaction, which will deteriorate workability of 
applying the tackifier composition to a base. 
20 The curing catalyst ,H, for the present invention is on a 

ievel in curing activity with the organotin-base compound, which 
h as been widely used as the curing catalyst, causes no coloration 
of the tackifier, unlike an alkyl titanate-based compound used 
as the catalyst, and is excellent in productivity and external 
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appearances . 

[Other components] 
The-tacxifier co-position (19) of the present invention may 
b e incorporated, as required, with one or more additives within 
limits not detrimental to the object of the present invention. 
The additives useful for the present invention include adhesion 
improver, property adjuster, storage stability improver, 
plasticizer or softening agent, filler, aging inhibitor, 
ultraviolet ray absorber, metal deactivator, ozone-caused aging 
°10 inhibitor, light stabilizer, amine-based radical chaining 
1 inhibitor, phosphorus-based peroxide decomposer, antioxidant, 
'„ lubricant, pigment, foaming agent and surfactant. 
1 The adhesion improvers useful for the present invention 

O include commonly used adhesives, silane coupling agents, e.g., 
"a. aminosilane and epoxy silane compounds; and others. The 

concrete examples of these adhesion improvers include phenolic 
resin, epoxy resin, r-aminopropyl trimethoxysilane, 
N -, P -aminoethyl)aminopro P yl methyldimethoxysilane, 
coumarone/indene resin, rosin ester resin, terpene/phenol resin , 
20 a-methyl styrene/vinyl toluene copolymer, polyethylmethyl 
styrene, alkyl titanate. and aromatic polyisocyanate . The 
adhesion improver, whenused, is incorporatedpref erably at about 
1 to 50 parts by weight per 100 parts by weight of the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 
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random copolymer rubber . more preferably 5 to 30 parts by 

weight . 

The storage stability improvers useful for the present 
invention inolude esters of ortho-organic acids. 

The storage stability improver, when used, is incorporated 
preferably at about 0.5 to 20 parts by weight per 100 parts by 
weight of the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber (Al), more preferably 1 to 10 parts by weight. 

The plasticizer useful for the present invention is also not 
limited, and any commonly used one may be used. Preferably, it 
should be compatible with each component for the rubber 
composition of the present invention. 

The concrete examples of these plasticizers include: 
, hydrocarbon-based compounds, e . g . , polybutene, hydrogenated 

polybutene, ethylene/a-olef in cooligomer, a-methyl styrene 
oligomer, biphenyl, triphenyl, triaryl dimethane, alKylene 
triphenyl, liguid polybutadiene, hydrogenated liquid 
polybutadiene, alkyl diphenyl, partially hydrogenated 
20 ter-phenyl, paraffin oil, naphthene oil and atactic 
polypropylene; 

paraffin chlorides; 

phthalate esters, e.g., those of dibutyl phthalate, diheptyl 
phthalate, di (2-ethylhexyl ) phthalate, butyl benzyl phtha late , 
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di octyl phthalate and butyl phthalyl butyl glycolate; 

non -aromatic, dibasic acid esters, e.g., those of dioctyl 
adipate and dioctyl cebacate; 

i „ r, i-hose of diethylene 
eatera of polyalkylene glycol, e.g., those 

glyc ol benzoate and triethylene glycol dibenzoate; 

ph osphate esters, e.g., those of trier..,! phosphate and 

tributyl phosphate; and 

-i i nf t-hf="?e. saturated 
polypropylene glycol. Of these, 

hydr ocarbon-based compounds ara .ore preferable. They may be 
used either individually or in combination. 
?, Of the above-described compounds, hydrocarbon-based 

h compounds free of unsaturated group, e.g., hydrogenated 

polyb utene, hydrogenated liquid polybutadiene, paraffin orl, 
naphthene oil and atactic polypropylene, are more preferable 
£or variousreasons,e.g.,highcompatibilitywit„eachcompo n ent 

£ „r the rubber composition of the present invention, limited 
effects on curing speed of the rubber composition, good 
resistance to weather of the cured product, and cheapness. 

Th e plasticizer may be used in place of the solvent during 
the process of introducing a hydrolyzable silyl group into the 
above-described ethylene/a-olef in/non-conjugated polyene 

/ 7\ » forthepurposesof, e.g. , adjusting 
random copolymer rubber (A 0 ) , iortnep y 

reaction temperature and viscosity of the reaction system. 
Th e plasticizer, when used, is incorporated preferably at 
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ab out 10 to 500 parts by weight per 100 parts by weight of the 
silyl -oontaining ethylene/a-olef in/non-oorougateo polyene 
random copolymer rubber ,M», -re preferably about 20 to 300 

parts by weight. 

Th e concrete examples of the fillers include wood powder, 
pulp, ootton chips, asbestos, glass fibers, carbon fibers, mica, 
„alnut shell powder, graphite, diatomaceous earth, white clay, 
£ umed silica, settling silica, silicic anhydride , carbon blacx. 
calcium carbonate, clay, talc, titanium oxide, magnesium 
carbonate, guartr, fine aluminum powder, flint powder, 
powder. Of these, more preferable ones are thixot topic f 11 lers , 
e ,., settling silica, fumed silica and carbon blacx; andcalcium 
carbonate, titanium oxide and talc. The filler, when used, is 
incorporated preferably at about 10 to 500 parts by weight per 

• k+- the silvl-containing 
100 parts by weight o£ tne sixy 

ethylene/o-olefin/non-oonjugated polyene random copolymer 
rubber ,M», more preferably about 20 to 300 parts by weight. 

Tne aging inhibitors useful for the present invention include 
commonly used Known ones, e.g., sulfur-based ones, radical 
inhibitors and ultraviolet ray absorbers. 

Th e sulfur-based aging inhibitors useful for the present 
invention include mercaptans, salts thereof , sulfides including 
sulfide oarboxylate esters and hindered phenol-based sulfides, 
pclysulfides, dithiooarboxylates, thioureas, thiophosphates, 
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sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
me rca P tols, monothio acids, polythio acids, thioamides, and 
sulfoxides . 

More concretely, the sulfur-based aging inhibitors include: 
mercaptans, e.g., 2-merca P tobenzothiazole ; 
salts of mercaptans, e.g., zinc salt of 
2_ m ercaptobenzothiazole; 

sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 
4,4'-thio-bis(2-methyl-6-t-butyl phenol), 
5 10 2, 2' -thio-bis (4-methyl-e-t-butyl phenol), 
I bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

terephthaloyl di ( 2 , 6-dimethyl-4 -t-butyl-3-hydroxybenzyl ) 

4-v,- 9 ?' -thio-bis (4-octyl phenol) nickel, 

sulfide, phenothiazme, 2,2 rnxo 

dilauryl thiodipropionate. distearyl thiodipropionate, 
di.yristyi thiodipropionate, ditridecyl thiodipropionate, 
diatearyi M - -thiodioutyrate, lauryl-stearyi thiodipropionate 
and 2, 2-thio [diethyi-bis-3- (3, 5-di-t-butyi-4-hydroxy 

phenol) propionate] ; 

polysulfides, e.g., 2-benzothiazole disulfide; 

•7-i nr dibutvldithiocarbamate, zxnc 
dithiocarboxylates, e.g., zincdiDucyi 

u mo^o nickel dibutyldithiocarbamate, zinc 
diethyldithiocarbamate, nicKex axu y 

di-n-butyldithiocarbamate, dibutyl ammonium 

_r,hf=nvl-dithiocarbamate and 
dibutyldithiocarbamate, zinc ethyl phenyl axz 

zinc dimethyldithiocarbamate; 
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thioureas, e.g., l-butyl-3-oxy-diethylene-2-thiourea , 
di-o-tolyl-thiourea and ethylene thiourea; and 

thiophosphates, e.g., trilauryltrithiophosphate . 
The above-described sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the curable rubber 
composition of the present invention, controlling the problems, 
e.g., residual surface tackiness. 

The radical inhibitors useful for the present invention 
§10 include phenol-based ones, e.g., 

1 2 , 2 -methylene-bis(4-methyl-6-t-butyl phenol) and 

tetrakis [methylene-3- ( 3 , 5-di-t-butyl-4-hydroxyphenyl ) propio 
nate] methane; and amine-based ones, e.g., 
phenyl-|3-naphthylamine, a-naphthylamine , 
16 N,N'-sec-butyl- P -phenylenediamine, phenothiazine and 
N ,N'-diphenyl-p-phenylenediamine. 

The ultraviolet ray absorbers useful for the present invention 
include 2-(2'-hydroxy-3',5'-di-t-butylphenyl) benzotriazole 
and b is(2,2,6,6-tetramethyl-4-piperidine) cebacate. 

The aging inhibitor, when used, is incorporated at about 0 . 1 
to 20 parts by weight per 100 parts by weight of the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 

vo^r- ra-n nreferably about 1 to 10 parts 
random copolymer rubber (Al), P reieidU * 

by weight. 
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A solvent may be used fer, e.g., improving workability and 

reducing viscosity. The solvents useful for the above purposes 

include aromatic hydrocarbon-based ones, e.g., toluene and 

xylene; ester-based ones, e.g., ethyl acetate, butyl acetate, 

5 amyl acetateandcellosolveacetate; and ketone-based ones, e.g. , 

m ethylethylketone, methylisobutylketone and diisobutylketone . 

.^^n c\q) of the present invention can 
The tackifier composition (l»J or tne p 

fanp , sheets, labels and foils. For 
£ find wide uses, e.g., tapes, sneeu^, 

S example, the above-described tackier composition, of 

1 10 non-solvent liguid, solvent, emulsion or hot-melt type, is 
5 applied to a base material, e.g., synthetic resin or modified 

'0 natural film, paper, any type of Cloth, metallic foil, metallized 

I plast ic foil, asbestos or cloth of glass fibers, and cured at 

0 normal or elevated temperature after being exposed to moisture 

fU 

15 or water. 

Tackifi er compositio n 119} and its uses 
The tackifier composition (19) of the present invention 
contains the tackifier composition with the silyl-conta ining 
ethylene/a-olefin/non-conjugated polyene random copolymer 
20 rubber as the component (AD , as described earlier. More 

concretely, it contains the organic polymer < Z, , and a tackiness 
imparting resin (W) and curing catalyst (H) composedof a specif io 
organozirconium compound (HI) or a specific organoaluminum 
compound (H2, . It can be suitably used for electric/electronic 
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device members, transportation machines, and civil 
engineering/construction, medical and leisure areas, as 

described earlier. 

For the civil engineering/construction areas, the tackifier 
composition (19) can find uses for, e.g., adhesive, waterproof 
and vibration-preventive sheets, among others. 

Rubber composition (20) 
The rubber composition (20) of the present invention contains 
the silyl-containing ethylene/a-olef in/non-con j ugated polyene 
random copolymer rubber (Al) , and a specific curing catalyst 
(H) . 

[Curing catalyst (H) ] 

The curing catalyst (H) is composed of a mercaptide type 
organotin compound (H3) having the Sn-S bond, a sulfide type 
IB organotin compound (H4) having the Sn=S bond, an organocarboxylic 
acid (H5) , an organocarboxylic anhydride (H6) , or a mixture of 
one of the above compounds with carboxylic type organotin 
compound (H7 ) . 

For example, the mercaptide type organotin oomponnd (H3) 
20 having the Sn-S bond include those represented by the following 
formulae : 

organotin compounds having an R 2 Sn(-S C00-) type ring, 

e.g. , 
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(n-C 4 H 9 -) 2 Sn SCH 2 COO 



(n-C 8 H 17 -) 2 Sn SCH 2 CH 2 COO 
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>rganotin compounds having an R 2 Sn (-S- • 
(n-C 8 H 17 -) 2 Sn SCH 2 COOCH 2 CH 2 OCOCH 2 S 

(n-C 8 H 17 -) 2 Sn SCH 2 COO(CH 2 ) 3 OCOCH 2 S 



' S-) type ring, e.g., 



R 2 Sn(-SCH 2 COOR) 2 type organotin compounds, e.g., 
(n-C 4 H 9 -) 2 Sn (-SCH 2 COO-iso-C 8 H 17 ) 2 and 
P, (n-C 8 Hi7-) 2 Sn (-SCH 2 COO-n-C 12 H 25 ) 2 ; 

S RSn(-SCH 2 COOR) 3 type organotin compounds, e.g., 

15 (n-C 4 H 9 -)Sn(-SCH 2 COO-iso-C 8 H 17 ) 3 and 
(n-C 8 Hi7-) Sn(-SCH 2 COO-n-C 12 H 25 )3. 

The sulfide type organotin compounds (H4) having the Sn=S 
bond include an R 2 Sn=S type one, e.g., 
(n-C 8 Hi7-) 2 Sn=S. 

The organocarboxylic acids (H5) include benzoic, phthalic, 
succinic, adipic, pyromellitic, formic and acetic acids. 

The organocarboxylic anhydrides (H6) include acetic, maleic, 
phthalic, succinic and dipyromellitic anhydrides. 

The carboxylic type organotin compounds (H7) to be mixed with 
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one of the above-described (H3) to (H6) compounds for use of 
th. curing catalyst (H, include those represented by the formula 
Sn (-OCO-n-C 8 Hn) 2/ e.g., 
(n-C«H 9 -) 2 Sn (-OCO-n-CnH 23 ) 2, 
(11-C4H9-) 2 Sn (-OCOCH=CHCOOCH 3 ) 2, 
(n-C 8 H 17 -) 2 Sn (-OCO-n-CnH 23 ) 2 and 
(n-C 8 H„-> 2 Sn ( -OCOCH=CHCOO-n-C 4 H 9 ) 2 . 

Th etm (IV) co mP oun d is m o r eprefe r a b let h ant h etin (II) expound 

for the present invention. 

Por the present invention, the ratios of the mercaptide type 
organotin compound ( H3, having the Sn-S bond to the carboxylic 
O type organotin compound (H7». i.e., (H3)/(H7) ratio, of the 

" sulfide type organotin compound (H4, having the Sn-S bond to 

th. carboxylic type organotin compound <H7>, i.e., (H4,/(H7, 

,,^ 9 HH (H5) to the carboxylic type 
15 ratio, of the organocarboxylic acid (Hi>) to 

organotin expound (H7) f i.e.. (H5)/(H7) ratio, and of the 
organocarboxylic anhydride (H6) to the carboxylic type organotin 
compound (H7), i.e., (H6)/(H7, ratio are each 0.1 to 20, 

preferably 0.1 to 10. 

•n« ratalvst (H) is incorporated at around 0.01 to 
20 The curing catalyst 

10 parts by weight per 100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber ,A1, , preferably 0.! to 10 parts by weight. The curing 
catalyst gives the rubber composition of improved pot life in 
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a f = mntent in the above range, 
an open atmosphere, when used at a content 

[Other components] 
The rubber composition (20) of the present invention may be 
incorporated, as required, with at least one of the compounds 
, selected fro. the group consisting of trials orthoformates, 
hydroiyzabie organosiiicone compounds, hydroiyzable ester 
compounds and alfcyl aloohois within limits not detrimental to 
a the object of the present invention. 

The trialkyl orthoformates useful for the present invention 
include trimethyl orthoformate and triethyl orthof ornate . 

The hydroiyzable organosiiicone compounds useful for the 
present invention include tetramethyl orthosilicate and 
tetraethyl orthosilicate. 

The hydroiyzable ester compounds useful for the present 
5 invention include methyltriethoxysilane, 

methyltriacetoxysilane and vinyl t r imethoxysilane . 

The alkyl alcohols useful for the present invention include 
me thyl alcohol, butyl alcohol, amyl alcohol and cellosolve. 
The rubber composition of the present invention may be further 
2 0 incorporated with one or more additives, e.g., various types 
of fillers, pigments and plasticizers within limits not 
detrimental to the object of the present invention. 

The fillers and pigments useful for the present invention 
include various types of silica, calcium carbonate, magnesium 
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carbonate, titanium oxide, iron oxide and glass fibers. 

The plasticizers useful for the present invention inolude 
process oil. paraffin oil, naphthene oil, polybutadiene and 
ethylene/a-olefin oligomer. The plasticizer may be used in 

, ^^-o s of introducing a 
5 place of the solvent during the process ot 

hydrolyzable silyl group into the 

ethylene/a-olefin/non-oon3u g ated polyene random copolymer 
g rubber <Ao> , for the purposes of, e.g., adjusting reaction 

3 temperature and viscosity of the reaction system. 

| 10 Rubber^moc^ij:!^^ 

P _ . , om of the oresent invention contains 

The rubber composition (20) of the prese 

R the curable composition with the silyl-containing 

| ethylene/a-olefin/non-coniugated polyene random copolymer 

i rubber as the component ,A1,, as described earlier. More 

» concretely, it contains the organic polymer <Z, and a specific 
curing catalyst (H) , composed of a mercaptide type organotin 
compound (H3, having the Sn-S bond, sulfide type organotin 
compound ,H4, having the Sn-S bond, organooarboxylio acid (H5> , 
organocarboxylic anhydride ,H6) , or mixture of one of the above 
20 compounds and carboxylic type organotin compound ,H7, . It can 
he suitably used for electric/electronic device members, 
transportation machines, and civil engineering/construction, 
medical and leisure areas, as described earlier. 

The rubber composition (20) of the present invention can be 
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used as sealants, pott ing agents , coating materials or adhesives 
for electric/electronic device members, transportation 
chines, and civil engineering/construction, and leisure 



ma 
areas 



Curable composit ion (21) 
The curable composition (21) of the present invent ion contains 
the silyl-containingethylene/a-olef in/non-conjugated polyene 

random copolymer rubber (Al) and a specif ic curing catalyst (H8) . 
Q [Curing catalyst (H8)] 

The copolymer rubber (Al) is crosslinked/cured by the 
condensation, when its hydrolyzable silicon group is hydrolyzed 
in the presence of moisture. The curing catalyst (H8> for the 
present invention works to greatly promote curing of the 

15 copolymer rubber (Al) . 

For the curing catalyst (H8) , a compound represented by the 
general formula Q 2 Sn(OZ) 2 or [Q 2 Sn(OZ)] 2 0 is used, wherein Q is 
a m onovalent hydrocarbon group of 1 to 20 carbon atoms; and Z 
is a monovalent hydrocarbon group of 1 to 20 carbon atoms or 
20 an organic group having a functional group capable of forming 
therein a coordination bond with Sn. The concrete examples of 
these compounds include, but not limited to: 
(C 4 H 9 ) 2 Sn(OCH 3)2 , (C 4 H 9 ) 2 Sn(OC 4 H 9 ) 2 , (C 4 H 9 ) 2 Sn (OC 8 H 17 ) 2 , 

^~S\^C 9 H 19 
(C 4 H 9 ) 2 Sn(0 (/jj )2 
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(C 4 H 9 ) 2 Sn(OCi 2 H 25 ) 2 , 
[(C 4 H 9 ) 2 Sn] 2 0 




C,H 



9 n 19 
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[(C 4 H 9 ) 2 Sn] 2 0 , (C 8 H 17 ) 2 Sn(OC 4 H 9 ) 2 , 
OC 12 H 25 

( C 4 H 9 ) 2 Sn (OCH 2 CH 2 CH 2 NH 2 ) 2 , (C 4 H 9 ) 2 Sn (OCH 2 CH 2 NH 2 ) 2 , 
(C 4 H 9 ) 2 Sn [0 CH 2 CH 2 CH 2 N (CH 3 ) 2 1 2 , 2 Sn (OCH 2 CH 2 CH 2 SH) 2 , 



□ 

M 

P 
W 



n is 



20 



(C 4 H 9 ) 2 Sn ; 



(C 4 H 9 ) 2 S< 



(C 4 H 9 ) 2 Srt^ 



-CH 3 



CH 



^CH 3 

—J 2 



.C 2 H 5 



CH 



-1 2 



^OC 2 H 5 



CH 



~CH 3 



25 
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Thes e curin g catalyse <HS, be used either individual 
or in cognation. The curin. cataiyst ,.8, is incorporated 

o£ the silyl -containin g ethyiene/a-olef in/non-con^ated 
poly ene rando, copoiy.er ruhher W , preferahiy — 5 

(21) at atactica! speed, and it ,ay ea.se cost-reiated pro b le m s 

at above 10 parts. 

Th e curin, catai.st «H8, for t h e present invention notaoiy 
I 10 proves the g uicK-currn g activity as compared with the 

organ otin- b ased co.pound. which has heen traditionary used, 
cau ses no coioration of the composition, unii*e an ainyi 
titanate-hased co.pound used as the cataiyst, and is exceilent 
not oniy in productivity b ut aiso in externa! appearances. 

, 91 , 0 f the present invention, 
The curable composition (21) of tne p 

, an an d (H8), cures very fast, 
containing the components (All and I 

parting to cure fro, the surface in several minutes to 1 hour 
when left in air at room temperature, becoming t .c. ^ . When 

i „ of davs it is cured deep inside, turning into 
left for a couple of days, u ± 

rrv>o rnred product is excellent 
20 a solid rubber-like elastomer. The cured p 

in resistance to heat and acid. 

[Other components] 
T „e copoiymer ru bb er ,M, for the present invention can b e 
modmed , when incorporated with various types of fiUers. 
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* i for the present invention include 
The fillers useful for the P 

f , lers eg., fumed silica, settling silica, 
reinforcing fillers, e.g., 

, , silicic hydrate and carbon black; other 
silicic anhydride, silicic ny 

eq calcium carbonate, magnesium carbonate, 
fillers, e.g., C * X{ - 

-i t-aic titanium oxide, 
~*rth fired clay, clay, talc, 
diatomaceous earth, rite 

<- ferric oxide, zinc oxide, 

oentonite, organic bentonite, ferric 

, . ncwhite hydrogenatedcastoroilandsilasballoons; 
activated zinc white, nyu y 

f . llers e g . f asbestos and glass fibers or 
and fibrous fillers, e.g., 

O filaments. _ 

mainlv selected from the group consisting 
Of these, the one, mainly sere 

S iiicic anhydride, silicic 
of fumed silioa, settling silica, sill 

hydrate, carbon black, surf ace-treated fine calcium carbonate 
f ired clay, clay and activated Z inc white is used when the curable 

^ is to be produced. The filler will 
composition of high strength is to P 

nle effect, when incorporated at 1 to 100 
15 bring about the favorable effect, 

1 00 parts by weight of the copolymer rubber 
parts by weight per 100 parts oy 

aa the cogent ( M, o,,--— 

of lou strength and high e^Uon i. tobe P— «- ' 

■ c Hnn of titanium oxide, 
raai nly selected fro. the group consrstrng 

^ fair ferric oxide , zinc 
,0 calciu.carbonate, ,»a g nesiu,ncarbonate, talc, fe 

. silas b alloons is used. It -ill brin, about the 
oxide and silas oarx 

. j _ t 5 to 200 parts by weight 
favorable effect, when incorporated at 5 to P 

■ h * of the copolymer rubber as the component 
per 100 parts by weight of the cop y 

, h3t th ese fillers may be used either 
(AD . It is needless to say that these 
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individually or in combination. 

• u i^Hrizerin combination with the 
When incorporated with a plasticizer 

nt ,21) of the present invention will 
filler, the curable component (21) ot t P 

ha .e one or more additionai — , , -ther — - 

elation ot the cured P-c, and a iaroer o £ - 

filler being incorporated. 

The concrete e-p^ ^ Phthala " 

estKS , ..... - .« a^yi — 1 phth 7;; 

. di(2 -eth yl he*yi> P^aiate, butyi benzyi 

| M phthaiyi butyx — dib " iC eSter3 ' £ 

andtri e thyl en egl V=o ldib en Z oa C e ; p h o3 Ph a t ees ter s,e. g .,t h o S e 
of tricresyi P-sP-te an. tributyi phosphate; para«in 
15 chl orides ; and hydrocarbon-based compounds, ^ 
d iphenyl. poiybutene, nydro g enated poiybutene, 
ethyle ne,a-oie £ in oii.omer, a-methyi styrene oii.omer, 
biphenyl , tripheny, triaryi dimethane, aityiene triphen.i, 
liquid poi.butadiene. h y dro g en a ted U q uid poi.butadiene. 
20 para££ inoi, nephtheneoi, 

„en a ted ter-phen y i. T he y mey be used 

" " • The plesticizer may be incorporated whrle 

or in combination. The plasn 

i i * beinq produced, 

the polymer is oemy f 

f r pp of unsaturated 
0£ these , hydrocarbon-based compounds free 
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group, e.g., hydrogenated polybutene, hydrogenated liquid 
polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene, are more preferable for various reasona, e.g., 
high compatibility with each component for the curable 
composition ,21) of the present invention, limited effects on 
curing speed of the curable composition, good resistance to 
weather of the curable product, and cheapness. 

The plasticizer may be used in place of the solvent during 
the process of introducing a reactive silicon group into the 
saturated hydrocarbon-based polymer, for the purposes of , e.g., 
adjusting reaction temperature and viscosity of the reaction 
system . 

The plasticizer will bring about the favorable effect, when 
incorporated at 100 parts by weight or less per 100 parts by 
15 weight of the component (Al). 

The method of preparing the curable composition (21) of the 
present invention is not limited. It may be prepared by the 
common method, e . g . , kneading these components by , e . g . , a mixer , 
roll or kneader at normal or elevated temerature, or mixing them 
20 after dissolving each component in a small quantity of anadeguate 
solvent. Each component can be adequately combined with the 
others mainly to produce a two-liguid type composition. 

The curable composition (21) of the present invention is cured 
by the actions of moisture, when exposed to air, into a solid 
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i „„„„,t structure to have rubber-like 
with three-dimensional network structur 

elasticity. 

■n„n 1711 of the present invention may 
The curable composition (21) or tne v 

t , -c, reauired, with one or more 
be adequately incorporated, as require 

additives, when it is used. The additives useful for the present 
invention include another type of curing catalyst (e.g.. lauryl 
amine or lead octylate, , adhesion imporver, property adjuster, 
storage stability improver, ultraviolet ray absorber, metal 
deactivator, ozone-caused aging inhibitor, light stabilizer, 
P. 10 am ine-based radical chaining inhibitor, phosphorus-based 

peroxide decomposer, lubricant, pigment, and foaming agent. 
The concrete examples of the other curing catalysts useful 
0 for the present invention include titanate esters, e.g. , those 

of tetrabutyl titanate and tetrapropyl titanate; organoaluminum 
« compounds, e.g., aluminum trisacetylacetonate, aluminum 
trisethylacetoacetate and diisopropoxy aluminum 
ethylacetoacetate; chelate compounds, e.g., zirconium 
tetraacetylacetonate and titanium tetraacetylacetonate; lead 
octylate,- amine-based compounds, and salts of these compounds 

hni-vlamine, octylamine, laurylamine, 
20 and carboxylates, e.g., butylamme, o y 

dibutylamine, monoethanolamine, diethanolamine , 
triethanol-mine, diethylenetriamine, triethylenetetrarnine, 
oleylamine, cyclohexylamine, benzylamine, 

di et h yla m inopro P yla m ine, xylylenedia^ine , triethylenediarnine , 
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guanidine, diphenylguanidine, 

2 ,4,6-tris(dimethylaminomethyl) phenol, morpholine, N-methyl 
morpholine, 2-ethyl-4-methylimidazole and 
l,8-diazabicyclo(5,4,0) undecene-7 ( DBU ) 

row-molecular-weight polyamide resins produced by the reactions 
between excessive quantities of polyamines and polybasic acids ; 
products of the reactions between excessive quantities of 
polyamines and epoxy compounds; silane coupling agents 
containing amino group, e.g., T -aminopropyl trimethoxy silane 
and N-(P-aminoethyl) aminopropyl methyldimethoxy silane; and 
other known silanol condensing catalysts, acidic or basic. 

The adhesion improvers useful for the present invention 
include commonly used adhesives, silane coupling agents, e.g., 
S aminosilane and epoxy silane compounds; and others. 

m 15 The concrete examples of these adhesion improvers include 

pnenolic resin, epoxy resin, 7 -aminopropyl trimethoxysilane , 
N- (P-aminoethyl) aminopropyl methyldimethoxysilane, 
coumarone/indene resin, rosin ester resin, terpene/phenol resin, 
a-methyl styrene/vinyl toluene copolymer, polyethylmethyl 
20 styrene, alkyl titanate, and aromatic polyisocyanate . 

The storage stability improvers useful for the present 
invention include compounds with silicon to which a 
group is bonded, and esters of ortho-organic acids. 

The concrete examples of the storage stability improvers 
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include methyltrimethoxy silane, methyltriethoxy silane, 
tetramethoxy silane, ethyltrimethoxy siiane , dimethyldiethoxy 
silane, trimethylisobutoxysilane, trimethyl ( n-butoxy> silane, 
n-butyltrimethoxy silane, and methyl orthoformate . 

The aging inhibitors useful for the present invention include 

n sulfur-based ones, radical 
commonly used known ones, e.g., suiiur 

inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans , salts thereof , sulfides including 
l 10 sulfide carboxylate esters and hindered phenol-based sulfides, 
3 polysulfides, dithiocarboxylates, thioureas, thiophosphates, 

sulfonium compounds, thioaldehydes , thioxetones, mercaptals, 



■I 



U rcaptols, monothio acids, polythio acids, thioamides, and 

sulfoxides . 



□ me 



15 The concrete examples of the sulfur-based aging inhibitors 

include mercaptans, e.g., 2-mercaptobenzothiazole ; salts of 
m ercaptans, e.g., zinc salt of 2-merca P tobenzothiazole ; 
sulfides, e.g., V -thio-bis C3-methyl-6-t-butyl phenol,, 
4, V -thio-bis (2-methyl-6-t-butyl phenol) , 
20 2, 2' -thio-bis (4-methyl-6-t-butyl phenol), 

bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 
terephthaloyl di (2 , 6 -dimethyl-4-t-butyl-3-hydroxybenzyl , 
sulfide, phenothiazine, 2 , 2 • -thio-bis ,4-octyl phenol) nicxel, 
dilauryl thiodipropionate, distearyl thiodipropionate, 
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^uridprvl thiodipropionate, 
dimyristyl thiodipropionate, ditndecyl 

i 3 „rul -stearyl thiodipropionate 
distearyl P ,p'-thiodibutyrate, lauryl steary 

, o n s-di-t-butyl-4-hydroxy 

and 2,2-thio[diethyl-bis-3-(3,5 di t 

a 2-benzothiazole 
phenol) propionate]; polysulf ides , e.g., 

disulfide; dithiocarboxylates, e.g., zino 

vnnr diethvldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc diethyl 

7inr di _n-butyldithiocarbamate, 
dibutyldithiocarbamate, zinc di n d y 

dibutyl ammonium dibutyldithiocarbamate, zinc 
ethy l-phenyl-dithiocarbamate and zinc 

dimethyldithiocarbamate; thioureas, e.g., 

n-tol vl-thiourea and 
1 - b utyl-3-OKy-di.thyl.ne-2-th l o»r... dr-o tolyl 

ethylene thiourea; and thiophosphates, e.g., 
trilauryltrithiophosphate . 

The sulfur-based aging inhibitor prevents 
d eco m position,aging or the m a in chain under heatrng - -re 
ef£icie „tly than the other types for the composition of the 

4- «THnn the problems, e.g., residual 
present invention, controlling the pr 

surface tackiness. 

f„i for the present invention 
The radical inhibitors useful for the p 

20 include phenol-based ones, e.g., 

2 ,2-methylene-bis(4-methyl-6-t-butyl phenol) and 

n 5 -di-t-butyl-4-hydroKyphenyl)propio 
tetrakis[methylene-3-(3,5 di t d y 

nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthy lamine , a-na P hthylamine , 
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,,^-sec-butyl-p-phenylenedia.ine, phenothiazine and 
N , N' -diphenyl-p-phenylenediamine . 

• lptra v absorbers useful for the present invention 
The ultravxolet ray aDsonjei 

include 2 -,2'-hydrox»-3'.5.-di-t-but y lp h .n,l. benrotriazole 
and bis(2 , 2 , 6 ,6-tetramethyl-4-plperidlne, cebacate. 

ijurjablJLjSSB^^ 

„,, theoiesent invention contains 
The curable composition (21) of thepres 

the curable composition with the silyl-containing 
ethyle „e/c t -olefin/non-con j ugated polyene random copolymer 
rubber as the component ,A1>. as described in detail earlier. 
* M ore concretely, It contains the organrc polymer ( Z, and curing 

catalyst ( H8, . It can be suitably used £ or electric/electronic 
device members, transportation machines, and civil 
engineering/construction, medical and leisure areas, as 

described earlier. 

The curable composition ,21, of the present invention can 
be used as sealants, potting agents, coating materials or 
adhesives for electric/electronic device members, 
transportation machines, and civil engineering/construction, 

20 and leisure areas. 

In other words, the present invention provides sealants, 
potting agents, coating materials and adhesives, composed of 
the curable composition containing the organic polymer »Z, and 
curing catalyst (H8) . 
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Curable^ubbe^_com£Osi^^ 

i r >0\ of the present invention 
The curable rubber composition (22) o£ tne p 

contains the silyl-containing 

ethyl ene/a-oie f in/non-con j u g ate d polyene random copolymer 
rubber (M, , -tanates W an,, as reguired, a silanol con d ensin g 
catalyst . 

[Titanates (Y) ] 
T hetitanate for the present invention is a characteristic 
component for the present invention «hich proves a d hesion 
st renoth of the ethylene/a-oief in/non-con 1Ug ated poiyene 
rand o, copoiy^er ruoher UU, contain^ a hydrolyrafle siiyi 

nfhases e g . , glass, metal and mortar, 
group to various types of bases, e.g , y 

„er, it wor k s as the silanol condensing catalyst which 
promotes the silanol condensation of hydroly.able silyl groups 
^^eachotheiintheethylene/a-olefin/non-con.ugatedpolyene 

i „r rubber (Al) containing a hydrolyzable silyl 
random copolymer rubber 

group. 

The titanates ,V, usefui for the present invention inciu d e 
orga „otitanate esters, cheiate compounds of titanru m an d 
sili cate esters of titanic, titanate-hased coupling aaents, 
an d partialiy hydrolyred condensates thereof. 

The concrete espies of the titanates m useful for the 
present invention inciude tetra-iso-propyi titanate, 
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tet ra-no»al- bU tyl titanate, hutyr titanate di-r, 
tetrads ,-ethylhexy, — — tltanate ', 

^^.-^ " — 

TV^facetylacetonato) titanium, 
di-iso-propylbis (acetyl 

,his (ethylacetoacetate) titanium, 
di-iso-propoxybis (etnyx 

,9 e thyl-l,3-hexanediolato) titanium, 
iso-propoxy (2-etnyx i, 

, bis (2 . eth ,l-l, 3-hexanediolato, titanium, 
di(2-ethylhexoxy)bis(2 etny 

di-n-hutoKyhis.triethanolaminato, titanium, 

etyla cetonate titanium, hydrops lactate, titans, 
tetraacetyiacetuiia 

and hydrolysis condensates thereof. 

J^etee^.eso.t.etdtana^a.edconpnn,^. 

useful £or the p^ent — ion inolude the compounds 

H bv the following formulae, and hydrolysrs 
represented by the roj. 

condensates thereof: 



15 



CH 3 



O 



' __ 0 -Ti4-0-C-C 17 H 35/ 
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CH3— CH— 0— Ti" 
H 2 C-0 i) H 



0 0 
0 — p — 0 — P — COCsHn) 2 



J 3 



— (OCgHnh 



J 2 



OH 



H 2 C— 0- 



— (OCbHi?) 2 



J 2 



CH 3 — 



CHs 

CH-0— Tr 



-o— 




C12II25 



J 3 



CH3 __C-oj-Ti-[H0C.H,7) 2 0H], 



(CH!= T-Si-0tT i -H0C 18 H s! ) J 0Hl ; 
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H 2 C— 0- Ti _L_ 0 — C— C 17 H 35 
H 2 C — 



5 



( 



C 8 H,-0) 7 Ti-[p40C^)0H] 



o 

^ I II 



H3C _i H -0-Ti-(rO-C-C 7 H, 5 



o 

in 10 



0£ the abo,e-descrrbed titanates ,*> . -se represented by 
th eir espec.au, big* e.ec, of Roving a*e S1 on: 



0 Ti(OR) 4 



^ n t-o 90 carbon atoms, 
w „erein, R 's are each a hydrocarbon grouped to 20 c 

15 uh ich may be substituted or not substituted. 

Th ese titanates (« may » — ™ ~ 
combination. 

^titauate^isineotpotatedptefetabi.atO.ito.Opatts 

. v, f n f the component (Al), 
by weight per 100 parts by werght of 

* *blv 1 to 10 parts by weight. It may not 
20 particularly preferably , n 1 

t eff ect of improving adhesion at below 0.1 

exhibit sufficient effect ox 

^ability of the sealant 
part , a „d may deteriorate storage stabxltty 

composition at above 20 parts by weight. 

[Silanol condensing catalyst) 
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A silanol condensing catalyst may be used for the curable 
r ubber composition (22) of the present invention. The silanol 
condensing catalysts useful for the present invention include 
divalent or tetravalent tin-based, aluminum-based and 
5 amine-based curing catalysts. Of these catalysts, the 

tetravalent tin-based ones are more preferable for their high 
catalytic activity. The tetravalent tin-based curing catalyst 
and the concrete examples are similar to those of the tetravalent 
tin compound (C) as the one constituent component for the curable 
10 rubber composition (2) described earlier. 

The silanol condensing catalysts, other than the tetravalent 
tin-based curing catalyst , may be used for the present invention . 

Th e concrete examples of these catalyst s useful for the present 
invention include divalent tin-based curing catalysts, e.g., 
15 tin octylate, aluminum-based curing catalysts, e.g., aluminum 
trisacetylacetonate, aluminum trisethylacetoacetate and 
diisopropoxy aluminum ethylacetoacetate; zirconium 
tetraacetylacetonate; lead octylate; amine-based curing 
catalysts, e.g., butylamine, octylamine, laurylamine, 
20 dibutylamine, monoethanolamine , diethanolamine , 
triethanolamine, diethylenetriamine, 
oleylamine, cyclohexylamine, benzylamine, 

diethylaminopropylamine, xylylenediamine , triethylenediamine, 
guanidine, diphenylguanidine, 
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2 ,4,6-tris(dimethylaminomethyl) phenol, morpholine, N-methyl 
morpholine, 2-ethyl-4-methylimidazole and 

l f 8-diazabicyclo (5,4,0) undecene-7 (DBU) , and salts of these 
compounds and carboxylates ; low-molecular-weight polyamide 
5 resins produced by the reactions between excessive quantities 
of polyamines and polybasic acids; products of the reactions 
between excessive quantities of polyamines and epoxy compounds ; 
fcj silane coupling agents containing amino group, e.g., T 

5 - ami nopro P yltrimethoxy silane andN-(P-aminoethyl)amino P ro P yl 

methyldimethoxy silane; and other known catalysts, acidic or 
SJ basic. 

b These catalysts may be used either individually or in 

0 combination. The silanol condensing catalyst is incorporated 

preferably at 0.1 to 20 parts by weight per 100 parts by weight 
of the component (Al) , particularly preferably 1 to 10 parts 
by weight. The catalyst content below the above range is 
undesirable, because of insufficient curing speed and 
insufficient extent of the curing reaction, and beyond the above 
range is also undesirable, because of local heating or foaming 
occurring during the curing process to make it difficult to 
produce the cured product of good properties, and also may 
deteriorate its pot life to an unacceptable level and workability 
of the composition. 

[Other components] 
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Th e silyl-containing ethylene/d-olef in/non-conjugated 
po i ye ne rando. copolymer rubber <M, 1. -self — ly high 
in viscosity, and .ay so.eti.es cause worKability-related 
problem it is therefore a good practice to incorporate a 
various type of plasticizer in the copol ym er rubber to an extent 
not har.ful to adhesion of the curable rubber exposition ,22, 

<-^n in order to reduce its viscosity and 
of the present invention, in oraer 

thereby to improve its handleability - 
R The plasticizer useful for the present invention is not limited, 

and any _ly used one may be used. Preferably, it should 

~4- fnr the silyl-contaming 
be compatible with each component for the y 

+-^h nnlvene random copolymer 
ethylene/a-olefin/non-conjugated polyene 

rubber (All of the present invention. 

The concrete exa.ples of these plasticizers inciude: 
pht haiate esters, e.g., those of dibutyl phthalate, diheptyi 
phthaiate, di ,2-ethylhexyl, phthaiate. butyl benzyl phthalate , 
and butyl phthalyl butyl glycate; non-aro m atic, dibasic acid 

esters of polyal*ylene glycol, e.g. , those of diethylene glycol 
benzoate and methylene glycol dibenzoate.- phosphate esters, 

thos e of tricresyl phosphate and tributyl phosphate; 
paraffin chlorides; and 

hydrocarbon-based expounds, e.g., al.yl diphenyl , polybutene, 
hydrogenated polybutene, hydrogenated a-olefin oligomer, 
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ethylene/a-olefin oligomer, a-methyl styrene oligomer, 
biphenyl. triphenyl, triaryl dimethane, al.ylene triphenyl, 
liquid polybutadiene, hydrogenated liquid polybutadiene, 
paraffinoil, naphthene oil, ataoticpolypropyleue andpartially 
5 hydrogenated ter-phenyl . They may be used either individually 
or ln oombination. The plasticizer may be incorporated while 
the polymer is being produced. 
*■ Of these compounds, hydrocarbon-based compounds free of 

unsaturated group, e.g., hydrogenated polybutene, hydrogenated 
liquid polybutadiene, hydrogenated a-olef in oligomer, paraffin 
oil, naphtheneoilandatacticpolypropylene, aremore preferable 
forvarious reasons, e.g., high compatibility with each component 
S £orth e rubber composition (22) of the present invention, limited 

O effects on curing speed of the rubber composition, good 

" „ resistance to weather of the cured product, and cheapness. 

The plasticizer may be used in place of the solvent during 
the process of introducing a reactive silyl group into the 
above-described ethylene/a-olef in/non-conj ugated polyene 
r andom copolymer rubber, for the purposes of, e.g., adjusting 
2 „ reaction temperature and viscosity of the reaction system The 
plasticizer is incorporated preferably at 10 to 150 parts by 
weight per 100 parts by weight of the silyl-containing 
ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber <A1> , particularly preferably 30 to 100 parts by weight. 
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The plasticizer may not sufficiently exhibit the effect of 
reducing viscosity at below 10 parts, whereas it may deteriorate 
mechanical and adhesion properties of the composition at above 
150 parts by weight. The curable rubber composition (22) of 
5 the present invention may be further incorporated with a varying 

aging inhibitor. 

The aging inhibitors useful for the present invention include 
phenol-based antioxidants, aromatic amine-based antioxidants, 
sulfur-based hydroperoxide decomposers, phosphorus-based 
10 hydroperoxide decomposers, benzotriazole-based ultraviolet ray 
absorbers, salicylate-based ultraviolet ray absorbers, 
oenzophenone-based ultraviolet ray absorbers, hindered 
amine-based light stabilizers and nickel-based light 
stabilizers . 

IB The concrete examples of the phenol-based antioxidants 

include 2,6-di-t-butyl phenol, 2 , 4-di-t-butyl phenol, 
2,6-di-t-butyl-4-methyl phenol, 2 , 5-di-t-butylhydroguinone, 
n -octadecyl-3- (3, 5-di-t-butyl-4-hydroxy P henyl) propionate, 
pentaerythrityl-tetra k is[3-(3,5-di-t-butyl-4-hydroxyphenyl) 

20 propionate], 2, 2' -methylenebis (4-methyl-6-t-butyl phenol) , 
4,4'-butylidenebis(3-methyl-6-t-butyl phenol) and 
4,4'-thiobis(3-methyl-6-t-butyl phenol) . 

The concrete examples of the aromatic amine-based 
antioxidants include N, N< -diphenyl-p-phenylenediamine and 
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6 -ethoxy-2,2,4-trimethyl-1.2-dihydroquinoline. 

The concrete examples c£ the sulfur-based hydroxyperoxide 
decomposers include dilauryl-3, 3' -thiodipropionate, 
ditridecyl-3, 3' -thiodipropionate and 
5 distearyl-3, 3' -thiodipropionate. 

The concrete examples of the phosphorus-based hydroperoxide 
decomposers include dipheny! isooctyl phosphite and triphenyl 
£ phosphite. 

?. The concrete examples of the b enzotriarole-based ultraviolet 

\M 10 ray absorbers include 

% 2 _ {3 ,5-di-t-butyl-2-hydrox y phenyl)-5-chlorobenzotriazole, 

2 - ( 3-t-butyl-5-methyl-2-hydroxy P henyl)-5-chlorobenzotriazol 
e, 2 -(3,5-di-t-butyl-2-hydroxyphenyl)benzotriazole and 
2-(5-methyl-2-hydroxyphenyl)benzotriazole. 

The concrete examples of the salicylate-based ultraviolet 
ray absorbers include 4-t-butylphenylsalicylate and 
2,4-di-t-butyl P henyl-3,5'-di-t-butyl-4'-hydroxybenzoate. 

The concrete examples of the oenzophenone-based ultraviolet 
ray absorbers include 2, 4-dihydroxybenzophenone, 
20 2-hydroxy-4-methoxybenzophenone, 
2-hydroxy-4-n-octoxybenzophenone, 
2-hydroxy-4-n-dodecyloxybenzophenone and 
2-hydroxy-4-benzyloxybenzophenone . 

The concrete examples of the hindered amine-based light 
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stabilizers include 

bis (2,2,6, 6-tetramethyl-4-piperidyl) cebacate, 

bi s (1, 2, 2, 6, e-pentamethyl-4-piperidyl) cebacate, 

X.^^S-O^-di-t-butyl^-hydroxyphenyDpropxonyloxylethyl) 

-4- [3- (3, 5-di-t-butyl-4-hydroxy P henyl)propionyloxy] -2,2,6,6 
-tetramethylpiperidine and 

4-benzoyloxy-2, 2, 6, 6-tetramethylpiperidine . 

The concrete examples of tne nickel-based li.nt stabilrzers 

include 

nickel dibutyldithiocarbamate, 

[2 2 ^ th iobis(4-t-octylphenolate)]-2-et h ylhexyla m ine nickel 
nickel (ID - 

These aoino inhibitors may be used either individual or 
in combination. Theymay exhibit rhei r f unctionsmore efficiently 
„ hen used in combination than individualiy . In particular, a 
combination of a phenol-based antioxidant, a salicyiate-based 
ultraviolet ray absorber and a hindered amine-based light 
stabilizer greatly improves weather resistance of the 
sil yl-containin g ethylene/a-olef in/non-co„ 3 u g ated polyene 

, h(>r as th e component (Al) , and hence is 
random copolymer rubber as tne co p 

desirable . 

The aging inhibitor is incorporated preferably at 0.1 to 10 
parts by weight per 100 parts by weight of the component ,*!> , 
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particularly preferably 0 . 5 to 5 parts by -eight. It may not 
sufficiently improve resistance of the curable rubber 
composition to weather at below 0.1 part, and may deteriorate 
its economics and adhesion at above 10 parts by weight. 
6 The curable rubber composition ,22, of the present invention 

is incorporated, as retired, with a varying adhesion improver, 
other than the titanates (Y) . 

The adhesion improvers useful for the present invention 
rucludeepoxy resin, phenol resin, various silane coupling agents 
10 and aromatic polyisocyanates . 

The concrete examples of the silane coupling agents useful 
for the present invention include 

amino-containing silanes, e.g., T 
-aminopropyltrimethoxysilane, 
15 r-aminopropylmethyldimethoxysilane, 7 

-aminopropylmethyldiethoxysilane, r - < 2-aminoethyl, 
aminopropyltrimethoxysilane, T -( 2-aminoethyl) 
aminopropylmethyldimethoxysilane, T -( 2-aminoethyl. 
aminopropyltriethoxysilane, T - (2-aminoethyl , 
20 aminopropylmethyldiethoxysilane, T 

-ureidopropyltrimethoxysilane, N-phenyl-T 
-aminopropyltrimethoxysilane, N-benzyl-r 
-aminopropyltrimethoxysilane and N-vinylbenzyl- T 
-aminopropyltriethoxysilane; 
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mercapto-containing silanes, e.g., T 
-mercaptopropyltrimethoxysilane, T 

-mercaptopropyltriethoxysilane, 7 
- m ercaptopropylmethyldimethoxysilane and T 
-mercaptopropylmethyldiethoxysilane; 

epoxy-containing silanes, e.g., T 
-glycidoxypropyltrimethoxysilane, T 

-glycidoxypropyltriethoxysilane, T 
-glycidoxypropylmethyldimethoxysilane, 
P - (3, 4-epoxycyclohexyl) ethyltri.ethoxysilane and 
p _ (3 4-epoxycyclohexyl) ethyltriethoxysilane ; 
0 carooxysilanes, e.g., p-carooxyetnylt rietnoxysilane , 

□ p-carboxyetnylphenylbis (2-metnoxyetnoxy ) silane and 

O N _s-(carboxy m ethyl)aminoethyl T 

ru 

15 -aminopropyltrimethoxysilane; 

vin yl type unsaturated group-containing silanes; e.g., 
vinyltrimethoxysilane, vinyltriethoxysilane, T 

-acryloyloxypropylmethyltriethoxysilane; 

20 halogen-containing silanes, e.g., T 

-chloropropyltrimethoxysilane; 

silane isocyanurates , e.g., 
tris (trimethoxysilyD isocyanurate ; and 

isocyanate-containing silanes, e.g., T-isocyanate 
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prcpyltrimethoxysilane, r-isocyanate propyltriethoxysilane, 
r-isocyanate propylmethyldiethoxysilane and r-isocyanate 
propylmethyldimethoxysilane . 

Moreover, the edifications of these compounds as their 
B derivatives are also useful as the silane coupling agents . These 
expounds inciude amino-modif led silyi polymers, siiyiated 
amino powers, unsaturated aminosilane complexes, bloc k 
isocyanate siianes, phenylamino-long chain-al.yl siianes, 
aminosilylated silicone and siiyiated polyesters. 
10 The silane coupling agent is incorporated preferably at 0 . 1 

particularly preferably 1 to 10 parts by weight. 
5 It may not exhibit sufficient effect of improving adhesion 

at below 0 . 1 part, and may deteriorate storage stability of the 
a sealant composition at above 20 parts by weight . These silane 
coupling agents may be used either individually or xn 
combination . 

i??) of the present invention 
The curable rubber composition (22) ot tn p 

, ori as required, with a various filler, 
is incorporated, as requxj.e , 

of the fillers include wood powder, 
20 The concrete examples of the 

pulp, cotton chips, asbestos, glass fibers, carbon fibers, mica, 
walnut shell powder, rice hull powder, graphite, diatomaceous 
earth, white clay, fumed silica, settling silica, silicrc 
anhydride, carbonblacx, calcium carbonate, clay, talc, titanium 
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oxide, magnesium carbonate, quartz, fine aluminum powder , flint 
powder, and zinc powder. Of these, more preferable ones are 
settling silica, fumed silica, carbon black, calcium carbonate , 
titanium oxide and talc. They may be used either individually 

5 or in combination. 

The filler is incorporated preferably at 5 to 500 parts by 
weight per 100 parts by weight of the component (Al ) , particularly 
preferably 20 to 350 parts, still particularly preferably 40 
to 200 parts by weight. 
I 10 The curable rubber composition (22) of the present invention 

| may be further incorporated, as required, with one or more 

b additives, in addition to the components (A) and (Y) , silanol 

□ condensing catalyst, and plasticizer , aging inhibitor , adhesion 

improver and filler described above. The additives useful for 
15 the present invention include property adjuster which adjusts 
the tensile-related properties of the cured product, 
weather-resistant adhesion improver, radical inhibitor, metal 
deactivator, ozone-caused aging inhibitor, dripping inhibitor, 
phosphorus-based peroxide decomposer, solvent, lubricant, 

20 pigment, and foaming agent. 

The concrete examples of these additives are described in, 
e.g., Japanese Patent Publication Nos . 69659/1992 and 
108928/1995, Patent No . 2 , 512 , 4 68 , and Japanese Patent Laid-Open 
Publication No. 22904/1989. 
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The effect of the titanates (Y) for the present invention 
is also observed, even when various additives are incorporated. 
More concretely, the curable rubber composition (22) of the 
present invention, when used as a sealant for construction works, 
laminated glass or a sealing agent for rust-prevention or 
water-proof of edges (cut sections) of wired or laminated glass , 
will have still improved adhesion of the sealant to various 
objects, when incorporated with the titanates (Y) - 
Cura^^bB r^omosiX^ (22 - } and itS 
The curable rubber composition (22) of the present invention 
contains the curable composition with the 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber containing a hydrolyzable silyl group as the component 
(Al), as described in detail earlier. More concretely, the 
15 curable rubber composition contains the organic polymer (Z) and 
titanates (Y) . It can be suitably used for electric/electronic 
device members, transportation machines, and civil 
engineering/construction, medical and leisure areas, as 

described earlier. 
20 The curable rubber composition may be further incorporated 

with the above-described silanol condensing catalyst. 

The curable rubber composition (22) of the present invention 
can be used as sealants, potting agents, coating materials or 
adhesives for electric/electronic device members, 
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transportation machines, and civil engineering/construction, 

and leisure areas. 

in other words, the present invention provides sealants, 
potting agents, coating materials and adhesives, composed of 
the curable composition containing the organic polymer (Z) and 

titanates (Y) . 

The above-described sealants, potting agents, coating 
materials or adhesives may be further incorporated with the 
above-described silanol condensing catalyst. 
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Curable composition (23) 
The curable composition (23) of the present invention contains 
□ the silyl-containing ethylene/a-olef in/non-con j ugated polyene 

random copolymer rubber (Al>, and can be suitably used for 
IB electric/electronic device members, transportation machines, 
and civil engineering/construction, medical and leisure areas, 

as described earlier. 

The curable composition (23) of the present invention may 
be further incorporated, as required, with one or more additives , 
20 e.g., curing catalyst, plasticizer and filler. The curing 
catalysts useful for the present invention are not limited, but 
common silanol condensing catalysts may be used. 

The concrete examples of the curing catalysts useful for the 
present invention include organotin, organotitanate , 
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organoaluminum, organozirconium, amine compounds and acidic 
phosphate ester, and products by the reaction between an acidic 
phosphate ester and an amine compound, saturated or unsaturated 
polyvalent carboxylic acids and anhydrides thereof, products 
5 by the reaction between salt of carboxylate and an amine compound, 

and lead octylate. 

The concrete examples of the organotin compounds include tin 
carboxylates , e . g - , dibutyl tin diacetate, dibutyl tin dilaurate, 
dibutyltinmaleate, dioctyl tin maleate, dibutyl tin phthalate, 
10 tin octylate and tin naphthenate; chelate compounds, e.g., 
dibutyl tin diacetylacetonate; dibutyl tin methoxide; and 
products of the reactions between dibutyl tin oxides and 

phthalate esters. 

The concrete examples of the organotitanate compounds include 
15 titanate esters, e.g., those of tetrabutyl titanate, 
tetraisopropyl titanate, tetrapropyl titanate and 
triethanolamine titanate; and chelate compounds , e.g. , titanium 

tetraacetylacetonate . 

The concrete examples of the organoaluminum compounds include 
20 aluminum trisacetylacetonate, aluminum trisethylacetoacetate 
and diisopropoxy aluminum ethylacetoacetate . 

The concrete examples of the organozirconium compounds 
include organozirconium compounds, e.g., zirconium 
tetraisopropoxide and zirconium tetrabutoxide, and chelate 
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compounds, e.g., zirconium tetraacetylacetonate. 

The concrete examples of the amine compounds include 
butylamine, monoethanolamine , triethylenetriamine, guanidine, 
2-ethyl-4-methylimidazole and 1 , 8-diazabicyclo ( 5 , 4 , 0 ) 

undecene-7 (DBU) . 

The acidic phosphate esters mean the phosphate esters 
containing the portion of -0-P (=0) (OH)-. The examples are 
acidic phosphate esters , such as organic acidic phosphate esters 
represented by the general formula; 

-2 

S 10 (RO) d -P(=0)-(OH) 3 -d, 

° wherein, "d" is 1 or 2; and R is an organic residue. 

O The organic acidic phosphate esters include the following 

O compounds : 

M 

O (CH 3 0) 2 P(=0)OH, 

ru 

15 (CH 3 0) P (=0) (OH) 2 , 
(C 2 H 5 0) 2 P(=0)OH, 
(C2H5O) P(=0) (0H) 2 f 
[ (CH 3 )2CH0) 2 P(=0)0H, 
(CH 3 ) 2 CHOP (=0) (0H) 2 , 
20 (C4H9O) 2 P (=0) OH, 

(C4H9O) P(=0) (OH) 2 , 

(C 8 H 17 0) 2 P(=0)OH, 

(C 8 Hi 7 0) P (=0) (OH) 2 , 

(C 10 H 2 iO) 2 P(=O)OH, 
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(C10H21O) P(=0) (OH) 2 , 
(C 13 H 27 0) 2 P(=0)OH, 
(C 13 H 27 0) P(=0) (OH) 2 , 
(HOC 8 H 16 0) 2 P(=0)OH, 
5 (HOC 8 H 16 0) P (=0) (OH) 2 , 
(HOC 6 Hi 2 0) 2 P(=0)OH, 

(HOC 6 H 12 0) P(=0) (OH) 2, 
M [ (CH 2 OH) (CHOH)0] 2 P(=0)OH, 

O [ (CH 2 0H) (CHOH) 0] -P (=0) - (OH) 2f 

H 

S 10 [ (CH 2 OH) (CHOH)C 2 H 4 0] 2 P(=0)OH and 

Is? 2 

S [(CH 2 OH) (CHOH)C 2 H 4 0] P (=0) (OH) 2 . 

The curing catalyst is incorporated at around 0 to 20 parts 
by weight per 100 parts by weight of the hydrolyzable 
silyl-containing ethylene/a-olef in/non-conjugated polyene 

15 random copolymer rubber (Al). 

The plasticizeruseful for the present invention is not limited, 

and any commonly used one may be used. Preferably, it should 
be compatible with each component for the curable composition 
(23) of the present invention. The concrete examples of these 
20 plasticizers include 

phthalate esters, e.g., those of dibutyl phthalate, diheptyl 
phthalate, di (2-ethylhexyl ) phthalate, butyl benzyl phthalate 
and butyl phthalyl butyl glycolate; non-aromatic, dibasic acid 
esters, e.g., those of dioctyl adipate and dioctyl cebacate; 
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esters of polyalkylene glycol, e.g. , those of diethylene glycol 
dibenzoate and triethylene glycol dibenzoate; 
phosphateesters, e . g ., those of tricresyl phosphate and tributyl 
phosphate; paraffin chlorides; and 
5 hydrocarbon-based compounds, e . g . , alkyl diphenyl , polybutene, 
hydrogenatedpolybutene, ethylene/a-olef in oligomer , a-methyl 
styrene oligomer, biphenyl, triphenyl, triaryl dimethane, 
K alkylene triphenyl, liquid polybutadiene , hydrogenated liquid 

polybutadiene, paraffin oil, naphthene oil, atactic 
polypropylene and partially hydrogenated ter-phenyl . They may 
be used either individually or in combination. The plasticizer 
may be incorporated while the polymer is being produced. 

Of these compounds, hydrocarbon-based compounds free of 
unsaturated group, e . g ., hydrogenated polybutene , hydrogenated 
liquid polybutadiene, paraffin oil, naphthene oil and atactic 
polypropylene, are more preferable for various reasons, e.g., 
high compatibility with each component for the composition (23) 
of the present invention, limited effects on curing speed of 
the curable composition, good resistance to weather of the cured 
20 product, and cheapness. 

The plasticizer may be used in place of the solvent during 
the process of introducing a reactive silicon group into the 
saturated hydrocarbon-based polymer, for the purposes of , e.g., 
adjusting reaction temperature and viscosity of the reaction 
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system. 

The plasticizer will bring about the favorable effect when 
incorporated at 100 parts by weight or less per 100 parts by 
weight of the component (Al) . 

The concrete examples of the fillers include inorganic fillers, 
e.g. , calciumcarbonate, talc, diatomaceous earth, mica, kaolin, 
magnesium carbonate, vermiculite, titanium oxide, graphite, 
alumina, silica, glass balloons , silas balloons , silica balloons , 
calcium oxide, magnesium oxide and silicon oxide; and organic 
fillers, e.g., powdered rubber, recycled rubber, fine powders 
of thermosetting or thermoplastic resins, and hollow particles 
of polyethylene and the like. The filler is incorporated at 
around 3 to 300 parts by weight per 100 parts by weight of the 
silyl-containing ethylene/a-olef in/non-conjugated polyene 

random copolymer rubber (Al) . 

The aging inhibitors useful for the present invention include 

commonly used known ones, e.g., sulfur-based ones, radical 

inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
invention include mercaptans , salts thereof , sulfides including 
sulfide carboxylate esters and hindered phenol-based sulfides, 
polysulfides, dithiocarboxylates , thioureas, thiophosphates , 
sulfonium compounds, thioaldehydes , thioketones, mercaptals, 
m ercaptols, monothio acids, polythio acids, thioamides, and 
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sulfoxides . 

The concrete examples of the sulfur-based aging inhibitors 
include mercaptans, e.g., 2-mercaptobenzothiazole ; salts of 
mercaptans, e.g., zinc salt of 2-mercaptobenzothiazole ; 
sulfides, e.g., 4 , 4 ' -thio-bis ( 3-methyl-6-t-butyl phenol), 
4, 4' -thio-bis (2-methyl-6-t-butyl phenol) , 
2, 2' -thio-bis (4-methyl-6-t-butyl phenol) , 
bis (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

■ass- 

□ terephthaloyl di (2, 6-dimethyl-4-t-butyl-3-hydroxybenzyl ) 

□ 10 sulfide, phenothiazine, 2 , 2 ' -thio-bis ( 4-octyl phenol ) nickel, 
S dilauryl thiodipropionate, distearyl thiodipropionate, 

dimyristyl thiodipropionate, ditridecyl thiodipropionate, 
distearyl |3,|3' -thiodibutyrate, lauryl-stearyl thiodipropionate 
and 2,2-thio[diethyl-bis-3-(3,5-di-t-butyl-4-hydroxy 
phenol) propionate]; polysulf ides , e.g., 2-benzothiazole 
disulfide; dithiocarboxylates , e.g., zinc 

dibutyldithiocarbamate, zinc diethyldithiocarbamate , nickel 
dibutyldithiocarbamate, zinc di-n-butyldithiocarbamate , 
dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl-phenyl-dithiocarbamate and zinc 
dimethyldithiocarbamate; thioureas, e.g., 

l-butyl-3-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 
ethylene thiourea; and thiophosphates , e.g., 
trilauryltrithiophosphate . 
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The sulfur-based aging inhibitor prevents 
decomposition/aging of the main chain under heating much more 
efficiently than the other types for the composition of the 
present invention, controlling the problems, e.g., residual 

surface tackiness. 

The radical inhibitors useful for the present invention 

include phenol-based ones, e.g., 

2,2-methylene-bis(4-methyl-6-t-butyl phenol) and 
tetrakis [methylene-3- ( 3 , 5-di-t-butyl-4-hydroxy P henyl ) propio 
nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, ct-naphthylamine, 
N,N'-sec-butyl- P -phenylenediamine, phenothiazine and 
p N , N ' -diphenyl-p-phenylenediamine. 

The ultraviolet ray absorbers useful for the present invention 
include 2-(2'-hydroxy-3',5'-di-t-butyl P henyl) benzotriazole 
and bis(2,2,6,6-tetramethyl-4-piperidine) cebacate. 

The aging inhibitor, when used, is incorporated preferably 
at around 0.1 to 20 parts by weight per 100 parts by weight of 
the silyl-containingethylene/a-olef in/non-conjugated polyene 

20 random copolymer rubber (Al) , more preferably 1 to 10 parts by 

weight . 

The other additives useful for the present invention include 
dipping inhibitors, e.g., hydrogenated castor oil, organic 
bentonite and calcium stearate; colorants, tackifiers and 
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solvents . 

The curable composition (23) thus produced to contain the 
component (Al) is useful as a coating material, in particular 
as a coating material for underbodies and a sealant for bodies 
of vehicles for rust-prevention and vibration-insulation, and 
matches the requirements by the recent automobile industry. 
Curable composition ( 23) and its uses 
The curable composition (23) of the present invention 
containing the silyl-containing 
O 10 ethylene/a-olefin/non-conjugated polyene random copolymer 
rubber as the component (Al) can be suitably used for 
electric/electronic device members, transportation machines, 
and civil engineering/construction, medical and leisure areas, 
as described earlier. It is particularly useful as a coating 
m 15 material for vehicles, and other purposes. 

For example, the curable composition (23) of the present 
invention can be suitably used as sealants, potting agents, 
coating materials for purposes other than vehicles or adhesives 
for electric/electronic device members, transportation 
20 machines, and civil engineering/construction, and leisure 
areas. 

The curable composition (23) of the present invention is 
incorporated in the coat ing material (23)' for vehicles, sealant 
(24)', potting material (24)' and coating material (24)' for 
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purposes other than vehicles and adhesive (24)', all of the 
present invention. 

Sealant (25)' for laminated glass 
5 The sealant (25) ' of the present invention for laminated glass 

contains the silyl-containing 

ethylene/a-olefin/non-conjugated polyene random copolymer 
^ rubber (A2) , curing catalyst (H) andwater or hydrate of ametallic 

□ 

□ salt (BID . 

So The sealant ( 25 )' of the present invention for laminated glass 

U! 

0 contains the silyl-containxng 

U ethylene/a-olefin/non-conjugated polyene random copolymer 

1 rubber (A2) preferably at 5 to 50% by weight, particularly 

u 

m preferably 5 to 40% by weight. 

fee* 

% The curing catalyst (HJ for the present invention may be a 

known silanol condensing catalyst. The concrete examples of 
the curing catalysts useful for the present invention are 

described earlier. 

The curing catalyst (H) is incorporated preferably at 0.1 
20 to 20 parts by weight per 100 parts by weight of the 

silyl-containing ethylene/a-olef in/non-conjugated polyene 
random copolymer rubber (A2) , more preferably 1 to 10 parts by 
weight. The catalyst content below the above range may cause 
insufficient curing speed and insufficient extent of the curing 
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reaction. The content beyond the above range is 

be cause it may cause iocai nesting or foaming occurring during 

th e curing process to ma*e it difficult to produce the cured 

product of good properties, which may deteriorate pot life to 

an unacceptable level and workability of the composition. 

wa ter or hydrate of a metallic sait 1BU, for the present 

invention functions as the source of water necessary for 

thp silvl-containing 
condensing/curing of the siiyx 

ernyiene/a-oiefin/non-con^ugated poiyene random copolymer 

coM commercial hydrates of metals can he used . These hydrates 
inol ude those of alfcali-earthmetals and other petals, ofthese, 
the .ore preferable ones are those of al*ali and al*ali-earth 
metals. More concretely, they include MgSOWH.O, N a 2 CO,10H 2 O. 
Na2 SCW0H 2 O, Na 2 S 2 0 3 -SH 2 0, N a 3 P0..12H 2 0 end 

wat er as the component (Bll» is incorporated preferably at 

silyl -containing ethylene/a-olef in/non-con jU gated poiyene 

^ ra?l more preferably 0.05 to 15 parts, 
random copolymer rubber (A2) , more pr 

v,i,r n ? to 5 parts by weight, 
still more preferably 0 . 2 to o pa 

, ™, a Hic salt as the component (BID is 
A hydrate of metallic sdn 

h«i oreferably at 0.01 to 50 parts by weight per 100 
incorporated prererauiy 

■~v^ r,-F the silyl-containing 
parts by weight of tne sny 
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ethylene/a-olefin/non-con 3 ugated polyene random copolymer 
rubber ,A2,, more p« £ era Uy 0.! to 30 parts, still 
preferably 1 to 10 parts by weight. 

water and hydrates of Gallic salts m ay be used either 
individually or in combination. 

The sealant ,25, < of the present invention for laminated glass 
m ay be incorporated with various additives. 

Th e representative additive is a tackifier, which is 
presented by a silane coupling agent, it is needless to say 
th at a tacxifier other than silane coupling agent may be used. 
Th e silane coupling agent is a compound which has a group 
containing the silicon atom to which a hydrolyzable group is 
bond ed (hereinafter referred to as hydrolyzable silicon group, 
and one or more other functional groups . The hydrolyzable group 
preferably methoxy, ethoxy or the like viewed from hydrolysis 
speed. It preferably has 2 or more hydrolyzable groups, still 

more preferably 3 or more. 

The functional groups useful for the present invention, other 
th anthehydrolyzablesilicongroups, include primary, secondary 
andtertiaryamino, mercapto, epoxy, carboxyl, vinyl, isocyanate, 
raocyanurate, and halogen. Of these, primary, secondary or 
terti ary amino, epoxy, isocyanate and isocyanurate are more 
preferable, and isocyanate and epoxy are still more preferable . 
Th e concrete examples of the silane coupling agents useful 



15 is 



444 



SF-768 



pa. 



H 

□ 

hi 

£3 



ru 



for the present invention include: 

amino-containing silanes, e.g., T 
-a.inopropyltri.ethoxysilane^r-aminopropyltriethoxysilane, 

r -a m ino P ro Py lmeth y ldimet h oxysilane,r-(2-a m inoeth y l) 

aminopro P yltri m ethoxysilane, T - (2-aminoethyl ) 
a.inopropylmethyldimethoxysilane, T - (2-aminoethyl) 

aminopropyltriethoxysilane, T - (2-aminoethyl) 
am inopropyltriet h oxysilane,r-ureidopropyltri m et h oxysilane, 

n - P -(n-vinylbenzyla m inoethyl)-r-a m inopropyltriethoxysilane 

10 and r-anilino P ropyltrimethoxysilane; 

mercapto-containing silanes, e.g., T 
-mercaptopropyltrimethoxysilane, T 
-mercaptopropyltriethoxysilane, T 
-mercaptopropylmethyldimethoxysilane and T 
15 -mercaptopropylmethyldiethoxysilane; 

epoxy-containing silanes, e.g., T 
-glycidoxypropyltrimethoxysilane, T 
-glycidoxypropyltriethoxysilane, T 
-glycidoxypropylmethyldimethoxysilane, and 
20 p-(3,4-epoxycyclohexyl)ethyltriethoKysilane; 

carboxysilanes, e.g., P -carboxyethyltriethoxysilane , 
p-carboxyethylphenylbis (2-methoxyethoxy) silane and 
n-p- (n-carboxymethylaminoethyl) - 7 
-aminopropyltrimethoxysilane; 
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vinyl type unsaturated group-containing silanes; e.g., 
vinyltrimetnoxysilane, vinyltriethoxysilane, T 
- m ethacryloyloxypropylmethyldimethoxysilane and 7 

-acryloyloxypropylmethyltriethoxysilane; 

halogen-containing silanes, e.g., T 
-chloropropyltrimethoxysilane; 

silane isocyanurates , e.g., 
tris (trimethoxysilyl) isocyanurate; and 

isocyanate-conta.ning silanes, e.g., T-isocyanate 
propyltrimethoxysilane and T-isocyanate 
propyltriethoxysilane . 

Moreover, the .edifications of these compounds as their 
derivatives are also useful as the silane coupling a g ents . These 
confounds include amino-modif led silyl powers, silylated 
amino polymers, unsaturated aminosilane complexes, hloc. 
is ocyanace silanes, phenylamino-long chain-alKyl silanes, 
aminosilylated silioone and silylated polyesters. These 
silane coupling agents tend to he hydrolyzed easily in the 
pre sence of moisture, hut can he hept stahle when incorporated 
in rhe component ,A2, for the sealant ,25,' of the present 
invention for laminated glass. 

The tachifiers, other than a silane coupling agent, useful 
£o r the present invention include commonly used adhesive*, and 
other compounds. The concrete examples of these tac.ifiers 
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include phe noiic reain, epo XY tesin. co—e/inoene .s. 
rosin ester tesin, terpene^enoi tesin. st^ene^ny 

aromatic polyisocyanate . 

. j _ t o 01 to 20 parts by weight 
The tackifier is incorporated at 0.01 

■ v.4- /-,-f the silvl- containing 
per 100 parts by weight of the y 

ethylene/0 -o 1 e fl n / no„-co„ jUgat e d po^e ran d o, oo P oi ym e r 

^ ^ther individually or m 
These tackifiers may be used either 

combination. 

Th e secant ,25, > of tne P tesent invention for f annate. g iass 
may be fntt.er inootpotate. wit* a W ^ «p. of « 

preS ent invention incite teinfoto^ m — — *- 

. , . silic ic anhydride, silicic hydrate, 
silica, settling sxlxca, sxlxcxc 

f . llprs e .g., limestone powder, 
talc and carbon black; other fillers, 9 

coll oidal calcium carbonate, dxatomaceous earth, fired clay 
cla y, txtanxumcide, bentonxte, organicbentonite, ferric o.xde, 
zinc ox ide and activated Z xnc white,- and fibrous fillers, e.g. , 
glass fibers or filaments. 

0£ these , tne teinforcin, fiUer, -iniv of ^ siiioa, 
settfin, siUca, s.iicio an hyd ti d e. siUcio n^ate. taic ot 
carb on b iac, is — outage seaiant of b i gh attend 

. The cur ed product of good mechanical 
is to be produced. The curea p 
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op erties in terms o f strength an, modulus can be prepared, 
when it is incorporated at 1 to 
bv weight of the silyl-containing 

Y • polyene random copolymer 

ethy lene/a-olefin/non-con3ugated polye 

h the cured product of low modulus and 
On the other hand, when the cured p 

n is to be produced, it is recommended 
u in h elongation is ro r 

.filler e.g., Intone powder, 
incorporate the other type of filler, eg, 

b onate diatomaceous earth, fired clay, 
n M rial calcium carbonate, 

K . ^ _ t 6 t o 400 parts by weight 
■Ho or activated zinc white, at b 
zinc oxide or acuvo 

. u*. «f the silyl-containing 
Der 100 parts by weight of the si y 

P • t^d oolvene random copolymer 

/« olefin/non-con 3 ugated polyene 
ethylene /a-oier in/ 

rUbber ' A2) ' „ fillers may be used either 

It is needless to say that these fillers 

. ^ w or in combination, 
individually or i silyl _ CO ntaining 
The filler may be incorporated in the y 

, ftH n olvene random copolymer 
e thylene/a-olefin/non-con3ugated polye 

. catalys t as the component (H) , or both, 
rubber (A2) , curing catalyst 

u i a ,ticizer in combination with the 
When incorporated with a plasticizer 

l.nt (25) ' of the present invention for laminated 
filler, the sealant (25) fur ther 

™ additional advantages, e.g., furtne 
class will have one or more addition 

■ of the cured product and a larger quantity 
improved elongation of the cure 

of the filler being incorporated. 
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, ticizer any commonly nsed one may be used. 
For the plasticizer, ai y 

thP silvl-containing 

Pr e £ era b ly, it should be compatible wrth 

, oH no lvene random copolymer 
ethy lene/a-olefin/non-con,ugated polye 

rubber (A2) . nrnress 
Th e concrete examples o £ the plasticizers include process 

oil , P olybntene, hydrogenated polybutene. d-methyl styrene 

^ „ P hvdrogenated liquid 
liauid polybutadiene, hyorog 
oligomer, liquiu * a r 

oil naphthene oil and atactic 
polybutadiene, paraffin oil, nap 

iene of these , more preferable ones are the 
polypropylene. 

hy drocarbon-based compounds £ ree o £ unsaturated 

p L ess oil, .donated polybutene, hydrogenated Irgurd 

naraffin oil and naphthene oil. 
polybutadiene, pararrm 

be used in place of the solvent during 
The plasticizer may be used in p 

the p _ or introducing a .-e silicon ^ nbo 

eposes o, e.g.,— reaction temperature and 

vis cosiby of bhe reaobion system. 

, ticize r when used, is incorporated pre £ erably at 
The plasticizer, *» c 

inn narts by weight of the 
n + ^nn narts by weight per 100 parrs oy 
around 10 to 500 parrs oy 

silyl -containrng ^ 
ta l copolymer rubber,,, more preterably around 2 0 to 300 

parts by weight. . 

, t l2S)'of the present invention £or lamrnabed glass 
The sealant (2b) 01 uic f 

t-.H as required, with various 
y be adequately incorporated, as req 
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additives, -in, inciter, ll,ht stabile, fl« 

Btard ant, thixotropy enhancer, pig-nt and surfactant. 

Th e a^inc inhibitors useful for the present invention include 

~ r, Qulfur-based ones, radical 
commonly used known ones, e.g., sulfur 

5 inhibitors and ultraviolet ray absorbers. 

The sulfur-based aging inhibitors useful for the present 
mention include mercaptans, salts thereof , sulfides including 
sul fide carboxylate esters and hindered phenol-based sulfides, 
polyS ulfides, dithiocarboxylates, thioureas, thiophosphates , 

a t-hioaldehydes, thioketones, mercaptals, 
10 sulfonium compounds, thioaidenya 

n t >,i„ =r iHs thioamides, and 
rcaptols, monothio acids, polythxo acxds, 



L sulfoxides. 

w 



15 me: 



of the sulfur-based aging inhibitors 
The concrete examples of the 

5 „ 7 -mercaptobenzothiazole; salts of 

5 include mercaptans, e.g., 2 mercapt 

W 7 inc salt of 2-mercaptobenzothiazole; 

mercaptans, e.g., zinc sau 

a 4 4 '-thio-bis(3-methyl-6-t-butyl phenol), 
sulfides, e.g., 4,4 T - ux 

4 , 4 ' -thio-bis (2-methyl-e-t-butyl phenol) , 
2,2' -thio-bis (4-methyl-6-t-butyl phenol) , 
b 'i s (3-methyl-4-hydroxy-5-t-butylbenzyl) sulfide, 

. fi H,methvl-4-t-butyl-3-hydroxybenzyl) 

20 terephthaloyl di (2 , 6-dimethyi 

■ • ? ?' -thio-bis (4-octyl phenol) nickel, 
sulfide, phenothiazme, 2,2 thro d 

riistearvl thiodipropionate , 
dilauryl thiodipropionate, disteary 

di.yristyl thiodipropionate, ditridecyl thiodipropionate, 
distear y lp,P'-thiodi b utyrate,lauryl-stearylthiodipropionate 
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and 2 ,2-thio [ dieth y l-bis-3-(3,5-di-t-but y l-4-hydrox y 
pnenoDpropionatel; polysulf ides , e.g., 2-benzothiazole 

disulfide; dithiocarboxylates, e.g., zinc 

•ir,^ H-i othvldithiocarbamate, nickel 
dibutyldithiocarbamate, zinc diethyiair 

7 inc di-n-butyldithiocarbamate, 
5 dibutyldithiocarbamate, zinc ai n y 

dibutyl ammonium dibutyldithiocarbamate, zinc 
ethyl _ phe nyl-dithiocarbamate and zinc 
dimethyldithiocarbamate; thioureas, e.g., 
l .-.utyl-B-oxy-diethylene-2-thiourea, di-o-tolyl-thiourea and 

git) ethylene thiourea; and thiophosphates , e.g., 
O trilauryltrithiophosphate. 

The sulfur-based aging inhibitor prevents 
3 de co mP osition/aging of the ,ain ohain under heating m uch .ore 
efficiently than the other types for the rubber co.position of 
'« the present invention, controlling the problem , e.g., residual 

surface tackiness. 

The radical inhibitors useful for the present invention 

include phenol-based ones, e.g., 

2 ,2-methylene-bis(4-methyl-6-t-butyl phenol) and 

5-di-t-butyl-4-hydroxyphenyl)propio 
20 tetrakis[methylene-3-(3,5 di t ouuy 

nate] methane; and amine-based ones, e.g., 
phenyl-p-naphthylamine, a-naphthylamine, 
N ,N'-sec-butyl-p-phenylenediamine, phenothiazine and 
N , N' -diphenyl-p-phenylenediamine . 
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Th e ultraviolet ray a b sor b ers useful for the present invention 
inc luue 2 - ( 2— -3',5- d i-t- b nt ylp.enyl, b en 2 0triarole 
and b i s( 2,2,6, 6 -tetra m et„ yl -,-piperi d ine, ee b aoate. 

Th e a g in 9 inciter. Uh en used, is .neorporate. preferafly 
at ar oun d 0.1 to 20 parts b y wer.nt per 100 parts b y -ei.nt of 
the sil yl-containin g etnylene/a-olef in/non-con jUg ateo polyene 

more preferably around 1 to 10 
random copolymer rubber (A2) , more p 

parts by weight. 

Se^mt_j26lL^^ 
The sealant (26 ) ' of tbe present invention for laminated glass 

contains the silyl-containing 

j_ j nolvene random copolymer 
ethylene/a-olefin/non-con:ugated polyene 

• t y\ a curing catalyst (H) and 
rubber (A2) , a hot melt resin (X), a 

water or a hydrate of a metallic salt (BID 

The silyl-containing ethylene/a-olef in/non-conjugated 
po l y ene random copolymer rubber 

polymer, shows good moisture shielding and water-proof 
properties, is highly adhesive to various inorganic base 
aerials, e . g giass and aluminum, and gives the cured product 

which shields moisture well. 

The sealant ,26, ' of th. present invention for la.inateo olass 
contains the eth yle„e/a-olef in/non-con jUg atea polyene ranoo m 
copolymer rubb er <*2, prefera.ly at 5 to S0 % b y we igh t, *ore 
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p^yioto^ 

(initi al adhesion) to — 

laminated glass production line. 

• ( v) forthepresentinventionisnotlimited, 
The hot melt resin (X) fortnep 

■ i ones can be used. These include, for 
and common commercial ones can 

i Q ct e r- oolvurethane-, acrylic , 
example, EVA-, polyamide-, polyester , poly 

butyl ruhher- and polyolerin-hased hot -It resins. 

Th e hot melt -sin prererahly has a softening temperature 
o£ around 100 to 2 50'C viewed from worhahility, although not 
DlO limited thereto. 

A f b ie ones include butyl rubber-based hot melt 

□ The more preferable ones m 

butvl) The hot melt butyl useful for the 
resins (hot melt butyl) .1 

* limited and common, commercial ones 
present invention is not limited, 

be free of additives, or incorporated 
can be used. They may be free 

fnlp r Those useful tor 
™„ with one on more of additives, e.g., £xll.r. 

ent invention includehutyl ruhher having an unsaturat ton 
thepresentinvenLxui 

rt ^ so(IIR) Vistanex Series (ExxonMobil), 
degree of around 0.5 to 5.0 (IIR) , v 

* a c P ries (Yokohama Rubber) . 
Series (Teroson) and Hamatite Series [xo 
Terostat Series v ic 

• for the present invention, e.g., not 

The hot melt resin (X) for tne p 

lt butyl , is directly used without heing vulcanized. 
Th e sealant »«,' of the present invention for laminated glass 

stains the hot melt resin ,«, 

_ preferably ,0 to ,„,. in order to seoure a sufficien 
tackine ss .initial adhesion, to temporarily tan, a spacer 
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glass in t he d iOT Une ' 

i no oarts by weight of the component 
to 20 parts by weight per 100 parts 

* ab lv 1 to 10 parts, in order to prevent local 
(A2) , more preferably 1 to x y 

f a andsecureanadeguatepotlifeatanadeguate 

heating or foaming, and secu 

curing speed. 

nt (B11) is incorporated preferably at 
Water as the component (BID 

v, .ioht per 100 parts by weight of the component 
0.01 to 25 parts by weight perl P 

preferably 0.05 to 15 parts by weight, still more 
(A2) , more preterauiy 

preferably 0.2 to 5 parts. 

, llif . salt as the component (BID 
The hydrate of a metallic salt 

w „ t o 01 to 50 parts by weight per 100 
incorporated preferably at 0.01 

n «. (A2) more preferably 0.1 to 
parts by weight of the component (A2) , 

• aht st ill more preferably 1 to 10 parts- 
Water and the hydrates of metalDc salts 

. -Jnaiiv or in combination. 

^ Q ii-hpr individually uj. 
(B1D may be used either m 
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Effects of the invention 

m\ r>f the present, 

oi^stomer composition (D ot tne y 
(1) The curable elastomer 

■ Q the curable composition with the 
nvention contains the curao 

• p t hvlene/«-olefin/non-conjugated polyene 
llyl -contaming ethylene/ ^ 

random copolymer rubber as the component (Al) 

^ telv it contains the organic 
detail earlier. More concretely, 

• -na a specific hydrolyzable silyl group and 
polymer (Z) containing a specit 
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....nti.II, no unsaturate. d ouble in the -in chain, an d 

the compoun. ,B1, having a silanol , M p an d ,or the coap- 
uh lch can react with moisture to £ orm a compoun d bavin, a siianoi 

n i As such, it improves elongation and 
group in the molecule. As sucn, 

resid ual tackiness on the sur.ace o f the cure d pro.uet, ia - 
le Uy. an d gives the cured product high in resistance to 
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Th ere £ ore. tne curable elastomer composition ,1, o £ the 

sealants, waterproo. materia, spray materials, shapin, 
_ materials and casting rubber materials. 
^ (2) T he curable rubber composition ,2, o £ the present invention 
contains the ethylene,«-ole £ ln,non-con ^ated polyene random 
copolymer rubber ,M) containing a specitrc srlyl group, -re 
concretely . It contains tbe or g anic polymer ,Z, containing a 

„a »«=,antially no unsaturated 
specfic hydrolyzable silyl group an d essentia 

k ,,„ a te travalent tin compound (C) 
double bond in the mam chain, a 

an d a specmc silicon compound <B2, . *s such, it is hi g hly 

20 lesion to various Objects. When incorporated with various 
add itives, the curable rubber composition ,2, o £ the present 
Mention can be £ urther improved in a.hesion to various base 
materials. 

to\ nf the present invention 
The curable rubber composxtxon (2) of P 
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is particularly useful for an elastomer sealant particularly 

requi red to be cured very guicxly, e.g. , a sealant for laminated 

, ■ .„!,.„, e a. , an insulating coating 
glass, and an electrical insulator, e.g., 

material for wires and cables. 

(31 The present invention can provide the curable composition 
(3) , cured guicKly, and excellent in residual tacxiness, 
resistance to weather and adhesion to paints. 
H)Th e curable composition (4, of the present invention can 
f orm a rubber-lixe elastomer, good in storage stability, high 
in curing speed, excellent in tensile properties, free of 

oH P xrellent in resistance to weather, 
residual tackiness, and excellent 

,,, nf i_ h „ nresent invention curable 
(5) The rubber composition (5) of the presen 

4-^-ir,« the silvl-containing 
at normal temperature contaxns the sxiy 

ethylene/a-olefin/non-conjugated polyene random copolymer 
rub ber (Al) or the organic polymer (Z) containing a specific 

=nH essentially no unsaturated double 
hydrolyzable silyl group and essentially 

^ or 'fi r silane compound (B5) . 
bond in the main chain, and a specific 

A s S uch,itiscured q uiCKlyandexcellent insistence toweather, 
and can give the cured product .cured coating fil». excellent 
in adhesion. 

nf nresent invention curable 
The rubber composition (5) of the presen 

4-' ll2r iv adhesive to the coating 
at normal temperature is particularly adhesi 

£i lm of conventional paints, e . g. , those of melamine alxyd and 
melamine acrylic resin, and suitably used for, e.g. , paints for 
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repairing automobiles. 

(6) The curable composition ,6, o f the present invention 

contains the ethylene/a-olef in/non-co^ugated polyene -o, 
copolym er rubber ,M, h avingaspecifichydroly 2 ablesilyl group 

■ oolvmer (Z, containing a specific hydrolyzable 
or the organic polymer i*i 

.ntiallv no unsaturated double bond in the 
silyl group and essentially no 

m ain chain, specific amines ,0, 

agent (B6) . A s seen, it can be easiiy cured with moisture in 
air at normal temperature or under heating without affecting 
tersely t h e properties of its cured pto.net . it can b e cured 

excellent in resistance to weather. 

Th erefore. the cura b le rubber composition ,6, of the present 

temperature or under heating, in particular those suitable for 

k- 1m new car production lines, precoated 
repairing automobiles, new car p 

hoaw structures (e.g., 
nvetals, glass, rust-prevention of heavy 

• 2 nH also for coating 

bridges, and construction materials, and 

materials, adhesives and sealants. 

(7) The curable composition ,7. of the present invention is cured 
q uic k ly , and gives the cured product of greatly improved adhesive 

thpr ^sistance adhesion while keeping its 
strength and weather-resistan 

modulus low. 

•^•«n (fi) of the present invention is cured 
(8) The curable composition (8) of tne p 



20 



457 



SF-768 



qulckl y, a„ d can .reatly *rov. a.hesrve strength an d 
KathK - ttsi s t a 0 c e a d hesion o £ the cure. pro d uct while -prng 
it s modulus low. « also shows excellent characteristics in 
storage stability. 

n . tion (9 ) of the present invention 
5 (9 ) The curable rubber composition (9) 

contains the silyl-containing 

nnlvene random copolymer 
ethylene/a-olefin/non-con^ugated polyene 

, rubber ,M> or - organic poly.er ,., containing a specific 
3 Mlol ^e silyl group - essentially no unsaturated 
5 „ ■ al cohols <B9) and/or a hydrolyzable ester 

OlO bond in the main Cham, alcohols 

com pound U, , . h V d toly,ahle organosilicon co m poun d ,B10, , and. 



*4 a, such, it is excellent m 

* « Q /4 a curinq promoter. As sucn, 
6 as required, a cur my r 

0 torage stability an d cure, guicxly. an d oan give the cure. 
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product excellent in resistance to weather. 

The curable rubber composition (9 > of the present invents 

to give gating fil^s of very excellent surface .loss. 

othvl silicate in the 
incorporation of ethyl 

^ylene/a-olerin/non-con^ateb polyene rando. copolymer 
rubber ,*!> allows to freely a dj ust surface hardness of the 
coating film. 

Mor eover. the curable rubber ^position (9 , of the present 

• 4-„ v^t- also for coating 

. for eg, aircraft, buildings and automobiles, 
compositions for, e.g., 
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H surface-treating agents for various 
sealant compositions and surface 

^organic material of the pre sent invention 

— epos ^ sthesourceof 

v wHra te of metallic saiL 
contalns water or a hydrate ^ ^ 

, water necessary for the curing reaction, 

■ catalyst The composition shews essentially 
condensing catalyse. , 
deter ierationincnra b ili t y ( oerrn g s P ee d .a £ ter b e 1 n g st 

andis hi g hincerin g spee d an d e,cellentinresistancet 0 weather 

O J the curable rubber composition (10, of the present 

O Moreover, the c ^ h^vinq a reactive 

5 . ran be incorporated with a compound having 

O10 invention can be e g.,asilane 

m n readily reactive with moisture, e.g., 

O silicon group readily rpactio n while 

X , It shows little crosslinkmg reaction 

coupling agent. It sno 

" d which prevented from increasing in vrscosrty. 

•4 (11)T he rubber composition (ID 

3 • a the ethylene/a-olefin/non-con^ugated polyene 

'15 contarns the etny 

hber (a2 ) containing the hydrolyzable srlyl 
copolymer rubber (Ml mole cule , 

represented by the above-described formula ,1, 

and an organosilicon polmer (Kl) . 

and cured sufficiently guic.ly, and gives the cur P o 

ther heat and water, and strength and elongatron. 

on o£ a polygene having 2 or more silanol groups 
xacorporatron of a P y ^ ^ 

brings about an advantage of very 

Therefore, the rubber composition (ID 
of the composition. Theretor 
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th . present invention is particularly suitable for sealants, 
achesives, paints, waterproof materials, spray materials, 
shaping materials and casting rubber materials. 
(12)T he rubber composition ,12, of the present invention 
contains the ethylene/a-olef in/non-con, ugated polyene random 
copolymer rubber containing the hydrolyrable silyl group 

re presented by the above-described formula ,1, in the molecule, 
anorganic rubber <K2, and a crosslink agent ,M, for the organic 
rubb er <«, • As such, it is vulcanired guic.ly, and gives the 
vu lcanized curable rubber elastomer excellent in various 

„ a resistance to weather, heat and chemicals, 
characteristics, e.g., resisra 

and mechanical strength. Therefore, it is particularly 
suitable forhoses, vibration insulators, belts, coupling agent s , 
gather strips, glass channels, cable coatings, 
condenser-sealing rubber, water-proof materials, sealants, 
adhesives, sealants for laminated glass, and formed articles, 
e.g., shoe soles. 

(13) Tha Present invention can give not only the cured product 
excellent in adhesion, g reatly changed in the layered structure , 
and low in elasticity and high in elongation, hut also the one 

• i of elasticity and tensile shear strength by 
high in modulus of elasticity 

^ articles dispersed therein 
decreasing size of the epoxy resin particles 

- v of the eooxy resin in the matrix. The 
and increasing content of the epoxy 

of the present invention can be cured 
rubber composition (13) of tne pre 
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sufficiently guic k ly, an d give the cured product high in 
resistance to weather. 

(14)T he P resentinventionprovidesahigh-strengthcuredproduct. 
proved in toughness and strength without being affected by 
mo isture guantity. The curable rubber composition ,14, of the 
pr esent invention can be cured sufficiently guic.ly, and give 
th. cured product high in resistance to weather. 
(15) The curable rubber composition ,15, of the present invention 
contains the ethylene/a-olef in/non-con jU gated polyene random 
oopolymer rubber , M , containing the hydrolyzable silyl group 
resented by the above-described formula ,1, in the molecule , 

/ton enrh, it is well 

calcium carbonate (LI) and talc (L2, . As 

oalanced between workability and mechanical characteristics of 
ch e cured product, cured sufficiently guickly, and gives the 
cured product excellent in resistance to weather. Therefore, 

a aQ a sealant for laminated glass, and also 
it is suitably used as a sealant 

p _ elastomer sealants for construction, 
for other purposes, e.g., eiasto 

. l5 fnr c SG construction method, 
and sealing materials for Sbb co 

cust-prevention or water-proof of edges (cut sections, of wired 
or laminated glass. 

n n 0 f the present invention 
(16) The curable composition (16) of the p 

exhibits good weather-resistant adhesion even to a transparent 
object for which the conventional composition is difficult to 
exhibit weather-resistant adhesion, e.g., various types of 
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surface-treated heat ray reflective glass. Moreover, it is 
cured guicfcly, and gives the cured product of high resistance 
to weather. 

, 17 , The curable rubber exposition < 17 , of the present invention 
is cured guiefcly, high in resistance to weather, and gives the 

cured product of high resistance to heat. 

r, (171 of the present invention 
The curable rubber composition (17) of the p 

is suitably used for adhesives, tac.ifiers. paints, sealant 
compositions, waterproof agents, spray materials, shaping 
materials and casting rubber materials. 

(18 ,Th. curable composition ,18, of the present invention is 
cur ed guic.ly, and greatly improved in adhesion te various 
obj ects and various glassy base materials, in particular in 
uea ther-resistant adhesion to heat ray reflective glass, it 
is also excellent in resistance to weather. «hen incorporated 
„ith various additives, the curable composition ,18, of the 
present invention is particularly useful for elastomer sealants, 
e g those for laminated glass and SSG construction method, 
whi ch are reguired to be adhesive to various objects and 
weather-resistant adhesive to glassy base materials. 

■v«r, m Q) of the present invention 
(19) The tackifier composition (19) ot tn P 

contains the silyl-containing 

ethylene/a-olefin/non-con^atea polyene random copolymer 
rubb er or the or g anic polymer (Z, containing a hydrolyzahle 
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sllyl gt oup an. esaentiaiiy no -atu^ed .oatia b on d in th. 
mai n chain, a specie carin. aatalyat <« or H2, for tha 
c on d ansin g reaction fatwean tha .roupa ha.in. tha h yd roiy.a bl a 
sil icon in th. -ponent ( a> . and tacKinesa martin, reain ,«) . 
As 3uo h . it is a*caiiant in reiaaaafility £ or aiiicon reiaasin, 
pa per or care. g uicKiy, an d e.ceiient in reaistanaa to 
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, Hon ( i9) of the present invention is 
The tackifier composition u»i 

• ^ 1-0 h<= releasable from 
applicable to the products required to be 

fn _ e a , double-faced tapes, 
silicone releasing paper or film, e.g., 

labels and sheets. 

(20 )The rubber composition (20) of the present invention 
contains the ethylene/a-olef in/non-con, ugated polyene random 
copolymer rubber (Al) having a hydrolyzable silyl group at the 
t erminalormthesidechainortheorganicpolymer (Z) containing 

a specific hydrolyzable silyl group and essentially no 
..saturated double bond in the main chain, and a specific curing 
catalyst (one of H3 to H,). ,s such, it can be greatly improved 
in pot life in an open atmosphere, and is cured guidy and 

excellent in resistance to weather. 

, Hnn (20) of the present invention is curable 
The rubber composition (2U) or tn v 

=r,H hPnce it is useful for paints 
at normal or low temperature, and hence 

or coating materials. 

•4--~r, t?n\ of thepresent invention 
Moreover, the rubber composition (20) of thep 
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ca n b e hlended with vano, resins used - traditional paints 
a nd coeting meterials, e . g. , lacguer-, lacguer-, 
. ther mosetting acrylic al.yd, melamine a, epoxy resins in an 
a ^ B Uo. itcanheimprovedinpropertres 

^-hKor of the traditional 
e.g., adhesion and resistance to weather, 

paints and coating materials. 

stil l moreover, the ruoher composition (20, o £ the present 
invention is useiul £ or coating and sealant compositions .or, 
. e . g ., al rcra £ t,struct U res,automo b rles and glass, and 

* 4- a for various inorganic materials. 

% * ^ fr^t-ina aqents tor vdii^^ 

**10 surface-treatiny ^ 

' (21) Th e curaole composrtion (21, o £ the present inventron, 
comprising the specie copolymer ruoher as the component ,M, 

talvst as the component (H8) , is cured 
end a specific curing catalyst 

netahly guiCer then the convention.! curaole composition. 
is also greatly improved in resistance to weather. 

•«-■ « /on ^ of the present invention, 
The curable composition (21) of tn 

ffprt , is us eful not only for tackifiers 
exhibiting the above effects, is use 

and sealants, but also for adhesives, shaping -t.ri.l-, 
vibra tion insulators, foaming materials, paints and s P ra Y 
20 materials. 

(22) Th e curafle ruhher composrtion ,22, oi the present rnventron 
is e X cellentrnresistanceto tt eather,andcanhegreatlyim P roved 

in curing speed and adhesion to various o bj ects. when 

,,, HwS the curable rubber 
incorporated with various additives, 
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exposition (22) of the present invention is particularly useful 
for elastomer sealants, e.g. , those for laminated glass and SSG 

fh , which are required to be adhesive to various 
constructionmethod, whictiarei^ 

objects. 

(23)Th e curable composition ,23, of the present invention can 
be suitably used for eiectric/eieotronio device -ers, 

Hvi i enqineering/construction, 
transportation machines, and civil eng 

narH miarlv useful as a coating 
medical and leisure areas, particularly 

material (23)' for vehicles, and also for other purposes, e.g., 
sealants,pottingagentsandcoating m aterialsforpurposesother 

th an vehicles, and adhesives , all falling into the compositions . 

• i n f thP nresent invention for vehicles 
(23) ' The coating material of the present 

can meet the retirements by the automobile industry tor 
oecreasing weight of vehicles, and savin, resources and energy 
>„ by decreasing temperature and time for ba.ing. Moreover, tt 
can be made into thin films which show excellent rust prevention, 
vib ration insulatron and resistance to weather, even when 
prepared under curing conditions of low temperature and short 



time . 
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t25) ■ The sealant of the present invention for laminated glass 
contains the ethylene/a-olef in/non-con: ugated polyene random 
copolymer rubber <A2> having, in the molecule, a hydrolyzable 
sil yl group represented by the general formula ,1., a curing 
catalyst <H, and water or a hydrate of a metallic salt ,B11, . 
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As such, it has various favorable characteristics, e.g., 
distance to weather and heat, non-contaminating, low 

a1 - hP r-resistant adhesion, and low odor, 
moisture-permeation, weather resist 

it is excellent in mechanical characteristics, and 
Moreover, it is excen 

can be produced at low cost. 

(26) . The sealant of the present Invention for legated glass 
contains the ethylene/a-olef in, non-con3ugated polyene random 
copoiymer rubber <A2, having, In the molecule, a hydrolyzabie 
silY l group represented by the general formula ,1, . . hot melt 
resin (x) , a curing catalyst «H, and water or a hydrate of a 
metallic salt ( BU, . As such It Is proved In dependence of 
its structural strength on temperature and In adhesion to a base 
m aterial as compared with the conventional hot -It resin, whr!e 
keeping Its steam impermeability. Therefore, It Is suitably 

sealing for laminated glass. 



EXAMPLES 



is explained by EXAMPLES which by no 



The present invention 

-, • • 4- i-v-,o nresent invention. 
20 means limit the present 

< EXAMPLES A Series> 

The composition, iodine vaiue, intrinsic viscosity In) and 
secular weight distribution ,M„/Mn, of the copolymer rubber 
csed in each of EXAMPLES and COMPARE EXAMPLES were determined 
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by the following methods. 

of the copolymer rubber 
(1) Composition or tne j 

f the copolymer rubber was determined by the 
Composition of the copoxynw 

13 C-NMR method. 
5 (2) iodine value of the copolymer rubber 

.odine value of tbe copolymer rubber was determined by tbe 

titration method. 
(3) Intrinsic viscosity [r\] 

■ ^ tv mi of the copolymer rubber was measured 
Intrinsic viscosity Lni or 

10 in decalin kept at 135°C. 

(4) Molecular weight distribution (Mw/Mn) 

secular weight distribution ( Mw/Mn) of the copolymer rubber 
was defined as ratio of weight-average molecular weight (Mw) 
to number-average molecular weight <Mn> , both determined by CPC 
wi th GMH-HT or GMH-HTL (TOSOH CORP as the column and 
orthodichlorobenzene as the solvent. 

j tests and accelerated weather resistance 
The curing speed tests anu a 

, ted bv the following methods for EXAMPLES and 
tests were conducted by the 

COMPARATIVE EXAMPLES 
20 (1) Curing speed test 

Th e curable composition „to<* material, was cured under tbe 
conditions of 50°C and 50%RH (relative Humidity, for 24 nours 
in a mold, 20 by 80 by 5mm in size. 

Next , tbe cured product was released from tbe mold, and 
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thic kness of - cured po^on was — by a dial of 
W eak spring - to 0,. to evaluate its curing speed. It 
„rked with O when its thickness was lmm or more, A when 

lt was 0.5 to 1mm, and* when it was less 

(2) Accelerated weather resistance test 

■ .t.nce test was conducted in accordance with 
The weather resistance tesr w 

- sunshine Carbon Arc weatherometer . 
jIS B-7753 using a Sunsnme 

<Testing conditions> 

Ligh t frradfation/rainfaU cycles: Irradiation for 120 

/ .^f^ii for 18 minutes 
minutes/rainfall ror 

Black panel temperature: 63±2°C 
Tank inside temperature: 40±2°C 
Total light irradiation time: 250 hours 
pp^pnr^TO N EXAMPLE 
[Production of silyl-containing 

i ./S v invl-2-norbornene random copolymer 
ethylene/propylene/5-vmyi 

rubber (A-l)] 

The three-component copolymerization was effected 

co ntin U ons ly f n a stainiess steei peptization reactor 
an essentia! capecftv of 100!.. e.uipped with abator Cades 
(ag itatin g rotation speed: 25 Crp m , , wherein hexane, eth yl ene, 
propyl ene and S-vrn y l- 2 -nort,ornene were cont.nuonsl. supplied 
at6 0 L , 2 .S kg ,4.0 kg and3S0 g pe rh ou, respective!,, 
reactor sfde fnto the U g uid phase, and h y dro g en, VOCOBtHC! 
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and Al (Et, , 5 C1, 5 as the catalysts at 700L, 45™ols and SISmmols 
per hour, respectively, also continuously. 

• effected under the above conditions 

The copolymerization efiecteo. 

t „■) nvl-2-norbornene random 

produced the ethylene/propylene/5-vinyl 

copolymer rubber («.-!) 1» * form of uniform solution. 

A small quantity of methanol was added to the polymer solution, 
continuously withdrawn from the reactor bottom, in order to 
terminate the polymerization. The poller was separated from 
the solvent by steam-stripping the solution, and dried at 55°C 

OlO for 48 hours under a vacuum. 

The e thylene/propylene/5-vinyl-2-norbornene random 

copolymer rubber (A.-1, thus produced contained ethylene at 68% 
oy mol, and had an intrinsic viscosity [„, of 0.2dl/g measured 
in decalin .apt at 135'C, iodine value ,1V, of 10 (g/lOOg, and 



Q 



m 
o 

H 

£ 

hi 



s ' e i5 Mw/Mn of 15. 



T„o% toluene solution (0.3,) of chloroplatinic acid and ! . 5g 
of m ethyldimetho X ysilane were added to lOOg of the 
ethylene/propylene/5-vinyl-2-norbornene random copolymer 
rubber ,«.-!>. and they were allowed to react with each other 
20 atl20-Cfor2hours. The excess methyldimethoxysilane and the 
solv ent (toluene, were distilled off from the effluent. This 
produced 101. 5g of the 

etnylene/propylene/5-vinyl-2-norbornene random copolymer 
rubber (A-l) containing dimethoxymethylsilyl group 
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(-SiCH 3 (OCH 3 ) 2) • 

REFERENCE EXAMPLE _A JL 

i 4- ioa n nmnl] 0 74q (0.005mols) of vinyl 
n-Butyl acrylate 128g (imol) , u./«*y \ 

trimethoxysilane and 1.44g (0.008mols) of T 
-mercaptopropylmethyldimethoxysilane were mixed with each 
other, to which 0 . 3g of a,oc< -azobisisobutylonitrile was added 
to be dissolved therein with stirring. A portion (30g) of the 
mixed solution was put in a 300ml, 4-mouthed flask equipped with 
a condenser, drip-feed funnel and agitator, after it was purged 
with dried nitrogen gas, and heated in a nitrogen atmosphere 
by an oil bath (80°C) . The polymerization started in a couple 
of minutes to generate heat and thicken the mixed solution . The 
remaining mixed solution was added dropwise through the funnel, 
after the heat generation calmed down, and the mixed solution 
was totally added in about 3 hours. Sixty mL of 20% (by weight) 
acetone solution of cc,cc' -azobisisobutylonitrile was added 15 
Mnutes and then 30 minutes after the addition of the mixed 
solution was completed, and the solution was stirred for another 
30 minutes under heating, to terminate the polymerization . The 
polymer thus produced was colorless, transparent and viscous, 
had a viscosity of 890 poise at 23°C, contained the residual 
monomer at 15% determined by gas chromatography, and had an 
average molecular weight of 21,000 measured by gel permeation 
chromatography (GPC) . 
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REFERENCE EXAMPLES A2 to A7 

The polymers were prepared in the same manner as in REFERENCE 
EXAMPLE Al, except that the components given in Table Al were 
used. Viscosity, residual monomer content and average 
5 molecular weight of each polymer are given in Table Al . 
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BA: n-butyl acrylate 

2EHA: 2-Ethylhexyl acrylate 

VAc: Vinyl acetate 

HDDA: CH 2 =CH-CO-0(CH 2 )eO-CO-CH=CH 2 
5 TMPA: ( CH 2 =CH-C0-0)3C-CH 2 CH 3 

NPCDA: CH 2 =CH-CO-OCH 2 -C (CH 3 ) 2 -CH 2 0-CO-CH=CH 2 

FA-731A: 

o 

~ ^ ru * CH 2 CH 2 0-CO-CHCH 2 

CH 2 CH-CO-OCH 2 CH 2 ()\ / 

10 
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CH 2 CH 2 0-CO-CHCH 2 
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MAPDMS : CH 2 =C (CH 3 ) -CO-0 (CH 2 ) S -Si (0CH 3 ) 2 (CH 3 ) 
MAPTMS : CH 2 =C (CH 3 ) "CO- (CH 2 ) 5 -Si (0CH 3 ) 3 

MPTES : 7 -mercaptopropyltriethoxysilane 
AIBN: a ,a'-azobisisobutylonitrile 
EXAMPLE_A1 

A mixture of 30g of the silyl-containinc, 
e^iene/propyiene/S-vinyl-2-nort.ornene random copolymer 
rubber (A-l ) , prepared in PRODUCTION EXAMPLE, and 0.43, of 
triphenY i srianoi became compietely transparent and uniform, 
wh en stirred at SO'C for 2 Hours. *s tne currn, cataiyst, 0. 99 
o£ N091 B (h eat-treated 2:1 mixture of dibutyl tin oxide and 



473 



SF-768 



b 

□ 10 



u 
o 

Si 

(Si 

iif 



15 



, . _ SANK YO ORGANIC CHEMICALS) was added 
di _ 2 -ethylhexyl phthalate, SANKYO u 

• , rP The resultant mixture was sufficiently 
to the above mixture. The re 

.nbiected to centrifugal def earning at 
stirred for mixing, sub 3 ectea 

a nnt in a polyethylene mold frame, 
3,000rpm for 10 minutes, and put m po 

u- v, 'twas cured at room temperature for 
U by 8 by 0.3cm, in which xt was cure 

. a This produced a colorless, 
j *. ;n°r for 4 days. Tnxs piw 
3 days and at 50 <~ IOi 

transparent cured sheet showing ™— 

T he cured sheet was punched into a — — H~ 
(Ho .3in accede with,ISK-e301>. — ^ ^ 
tensile test at a .ensue speed o t 200^/minute by an Autograph. 

. ne its el ongation breaking strength. The results are 
to determine its eiouya 

given in Table A2 . 

„ in Table A2 , incorporation o£ triphenyi srlanol 
As shown in laoie « , 

the tensile characteristics, and can improve 
greatly improves the tensrr 

■ o£ a cured acrylic-based polymer which tends to show 
elongation of a curea ^ y 

insufficient elongation. 
COMFARATiyE_EJCAMPL_ES_Aj^ — to_A23_ 

AmlX ture or 30g of the organic polymer U, . P-pared rn 
REFERENCE EXAMPLE Al, and 0 . 43g of triphenyi s Hanoi was prepared 
£or each o £ COMPARATIVE EXAMPLES. It became completely 

a at- Q0°C for 2 hours. As 
transparent and uniform, when stirred at 90 C f 

talvst 0 9gof N0918 (heat-treated 2:1 mixture 
the curing catalyst, o.^g 

• ide and di-2-ethylhexyl phthalate, SANKYO 
of dibutyl tin oxide and 

^oH to the above mixture. The resultant 
ORGANIC CHEMICALS) was added to the 
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mixture ua s s» ££ icientXy stirred - -ixin,. ^ected to 
centri.u.aX de £ oa m in 9 a, 3,000^ £ or 10 Routes, and put in 
. poXyethyXene m oXd fta.e, XX by S dy 0.3c,. in which it -as 
cured at ™» te — -3 days and at =0=C £ or.days. 
Thi s produced a coXorXess, transparent cured sheet showin, 

rubber-like elasticity. 

The cured Sheet was punched into a du^eXXs-shaped test piece 
(NO ,3 in accordance with alS K-S30X, . It was su bj ected to the 
tensiXe test at a tensiXe speed of 200™/,inute hy an Autograph, 
to d eter m ine its eXon.ation hrea.in, stren 9 th. The resuXts are 
give n rn TahXe A2, to.ether with those o £ the cured sheets free 



■ of triphenyl silanol 



Ul The 



cured she ets were aXso prepared f ro, the organic poXy^ers 
_ ( 2, to ,7,, prepared in REFERENCE EXAMPLES A2 to hi , and tested. 

U ^ 7so i-nnpther with those of 

m 15 The results are also given in Table A2, together 

the cured sheets free of triphenyl silanol. 

in Table A2, incorporation of triphenyl silanol 
As shown in TaDie ^» 

gr eatXy improves the tensiXe characteristics, and can i.pro.e 
elation o £ a cured acryXic-dased poXy.er whrch tends to show 
20 insufficient elongation. 

v-^h in the same manner as in 
The cured sheets were prepared in the 

^ ^hat triohenyl silanol was replaced 
COMPARATIVE EXAMPLE Al except that trrpheny 

• *«-or- referred to as the dimethoxy 
by (CH 3 ) 2 Si(OCH 3 ) 2 (hereinafter referred 

-px-^v. rpfprred to as the 
co mP ound, or CH 2 -CHSi ( 0CH 3 , 3 (hereinafter referre 
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ttim etho Xy expound, -hich can for. a compound having 2 or «e 
sllanol groups in the .olecule, to analyze their .lection and 
Meak i„ g strength. The results are given in Table ,3 

an H Table A4 (COMPARATIVE 
(COMPARATIVE EXAMPLES A8 to A15) and Table A 

5 EXAMPLES A16 to A23) - 

It is found, when the results in Table A2 are compared with 
those in Tables A3 and A4 , that a -pound havino, only one silanol 
gr ou P , triphenvl silanol, greatly proves elon.ation o f 

5 the cured sh eet in a peculiar manner. 
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Th e cured sheet was prepared for ea. o t EXAMPLES ,2 to A, 
and sub.ected to the tensrle test in t h e sa m e - as in EXAMPLE 
M . except t h at eac h siianol compound *™ in Table AS was 
5 incorporated in the silyl-containing 

ethyl ene/propviene/5-vin yl - 2 -nor b ornene rando, copolymer 

siianol. The results are given in Table A5. 
5, As shown, each srlanol c- P o- achieve, high elongation. 

't 10 C OMPARATIVE_EXAM^^ 

~ ~ ' r*d for each of COMPARATIVE EXAMPLES 

The cured sheet was prepared for eacn o 

• i ~ foct- i n the same manner 
A24 to A26 an d subjected to the tensrle test 

1 as in COSTIVE EXAMPLE Al, except that each siianol compound 
" shown in Table AS was rncorporated in the organic poller ,1) 
„ prepare, in REFERENCE EXAMPLE Al in place of triphenyl siianol . 
The results are given in Table A5. 

fts shown, each siianol co.pound achieved high elongation. 
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EXAMPLES A 5 to A 7 

The cured sheet was prepared for each of EXAMPLES A5 to A7 
and subjected to the tensile test in the same manner as in EXAMPLE 
M except that each silanol compound capable of forcing a 
silanoi-containing compound by reacting with moisture, shown 

-in the silvl-containing 
in Table A6, was incorporated in the sny 

eth y lene/ P ropylene/S-vinyl-2-norbornene random copolymer 
rubber ,A-1, prepared in PRODUCTION EXAMPLE in place of triphenyl 
silanol. The results are given in Table A6 . 

Rs shown, incorporation of each of the compounds capable of 
£ orming a silanoi-containing compound by reacting with moisture 
brln gs about almost the same effect as that of the silanol compound, 
9 reatly improving elongation of the cured aorylic-based polymer 
which tends to show insufficient elongation. 
COMPARATIVE EXAMPLE S A?7 to A29 

The cured sheet was prepared for each of COMPARATIVE EXAMPLES 
M 7 to A29 and subjected to the tensile test in the same manner 
as in COMPARATIVE EXAMPLE Al, except that each silicon compound 
capable of forming a silanoi-containing compound by reacting 
withmoisture, shown inTableAS, was incorporated in the organic 
polymer (1) prepared in REFERENCE EXAMPLE Al in place of triphenyl 
silanol. The results are given in Table A6. 

AS shown, incorporation of each of the compounds capable of 
£ orming a silanoi-containing compound by reacting with moisture 
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brin gs about almost th e sa m a effect as that of the silanol compound, 
gr eatly improving elongation of the cured acrylic-based polymer 
which tends to show insufficient elongation. 
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<EXAMPLES B Series> 

Tn e composition, iodine value, intrinsic viscosity [„] and 
m olecular weight distribution (Mw/Mn) of the copolymer rubber 
used in each of EXAMPLES and COMPARATIVE EXAMPLES were determined 
by the method described earlier. 

The weather resistance test was conducted by the following 

method. 

[Accelerated weather resistance test] 

The weather resistance test was conducted in accordance with 
JIS b-7753 using a Sunshine Carbon Arc weatherometer . 

r 

<Testing conditions> 

, • r_-i i r ,, r i P c- irradiation for 120 
Light irradiation/rainfall cycles. 

minutes/rainfall for 18 minutes 
nl 15 Black panel temperature: 63±2°C 
Tank inside temperature: 40±2°C 
Total light irradiation time: 1000 hours 
Analytical method: In accordance with JIS K-6301 
PRO DUCTION EXAMPLE B l 
20 [Production of s ilyl-containing 

vinvl-2-norbornene random copolymer 
ethylene/propylene/5-vinyx z 

rubber (A-l)] 

The three-component copolymerization was effected 

, • wtAinless steel polymerization reactor having 
continuously in a stainless steei v * 
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an essential capacity of iOOL, equipped with agitate, blades 
.agitating rotation speed: 250rpm, , wherein hexane, ethylene, 
prop ylene and 5-vinyl-2-norbornene were continuously supplied 
at 60L, 2.5k 9 , 4.0Rg and 380g per hour, respectively, from the 
reactor side into the liquid phase, and hydrogen, V0 ( 0Et, 2 Cl 
and M ,Et, , S CU, as the catalysts at 700L, 45™ols and 315 M »ols 
per hour, respectively, also continuously. 

The copolymerization effected under the above conditions 
produced the ethylene/propylene/5-vinyl-2-norbornene random 
copolymer rubber (A„-l) in a form of uniform solution. 

A small quantity of methanol was added to the polymer solution, 
continuously withdrawn from the reactor bottom, to terminate 
tn e polymerization. The polymer was separated from the solvent 
by steam-stripping the solution, and dried at 55 = 0 for 48 hours 

under a vacuum. 

The ethylene/propylene/5-vinyl-2-norbornene random 

copolymer rubber ,A„-1> thus produced contained ethylene at 68% 
b y mol, and had an intrinsic viscosity W of 0.2dl/g measured 
in decalin Kept at 135'C. iodine value ,IV, of 10<g/10C g , and 
Mw/Mn of 15. 

T „o% toluene solution (0.3,) of ohloroplatinic acid and 1 . 5g 
of methyldimethoxysilane were added to lOOg of the 
ethylene/propylene/5-vinyl-2-norbor„ene random copolymer 
r ubber <*.-!> , and they were allowed to react with each other 



486 



SF-768 



Gio 

m ■ 

ha 
H 



at 12 0°C for 2 hours . The exoess m ethyldimethoxysilane and the 
solvent <toluene, were distilled off fro, the effluent. This 
produced 101. 5g of the 

ethylene/propylene/5-vi„yl-2-norbornene rando. copolymer 
rubber (A-l) containing dimethoxy^ethylsilyl group 

(-SiCH 3 (OCH 3 ) 2) • 
PROD UCTION EXAM PLE B2_ 

S4mL 0 f ethyl cyclohexane (left at least for 
By a syringe, 54mL or eiayi y 

at le ast for a night and dried by molecular sieves 3A> and 1 . 16g 
,5.02^013, of P-DCC, representedby the following fornula, were 
charged into a pressure-resistant glass reactor equipped 

with a 3-way cock, purged by nitrogen. 



% Me Me 

^15 | I 

Cl-C -C 6 H 4 -C-C1 

I I 

Me Me 

Then, a liguef fed gas collecting tube of pressure-resistant 
2 „ glass, equipped with a needle valve and containing 56 m L of 
is obutylene_r, was connected to the above-described 3-way 
cock . The polarization reactor was cooled in a dry ice/ethanol 
bath kept at -70'C, and evacuated of the vapor phase to a vac- 

,„ Then the needle valve was opened, to charge 
by a vacuum pump, men, 
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th e isobutylene monomer through the liguefied gas collecting 
tub e into the polymerization reactor, and the reactor was 
returned back to the no»al pressure with nitrogen fro, the one 
port of the 3-way cock. 

, o TTlothv i nvridine was added to the 
5 Next, 0.093g (l.Ommol) of 2-methyl pyrrol 

reaction system, and then 1.65*. ,15.1»ol.) of titanium 
tetrachloride was added, to initiate the polymerization. Then, 
, 22g (10 .8«.l.) of allyl trimethylsilane was added 70 minutes 
aft er the reaction was initiated, to chemically introduce the 
10 allyl group into the polymer at the terminal. The reaction 
8 s olution, obtained 120 minutes after the reaction was initiated, 

ua s distilled off to produce the isobutylene-based polymer with 
~i the allyl group at the terminal. 

5 15 N ext, 40g of the isobutylene-based polymer with the allyl 

gro up at the terminal was dissolved in 20ml of n-heptane, and 
the mixture was heated to around 70'C. to which l.S .eg/vinyl 
gtoup] of methyl dimethoxysilane and 1.10- [eg/vinyl group, 
o£ a platinum/vinyl siloxane complex were added, for the 
2 0 hydrosilylation. The reaction was followed by FT-IR. The 
Olefin absorption at 1640cm- disappeared in around 4 hours. 

Th e reaction solution was concentrated under a vacuum, to 
p EO duce the isobutylene polymer with the reactive silicon groups 
at both terminals, represented by the following formula: 



hi 
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i(-CH 2 -) 3 (-CCHH„C- 



C 6 H 4 
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Me ^Me 
C-)i-CH 2 -) 3 SiI 

I 1 

Me OMe 



SiMe 



20 



Th e polype, yield was estimated fro, the guantity produced. 
It was also analyzed for Mn and Mw/«n by CPC, and for the termina! 
s «ucture by comparing tne Intensities o £ tne >H~alyzed 
resonance signals of proton relevant to each structure .proton 
deri ved from the initiator: 6 .5 to 7.5ppm. methyl proton bonded 
to the silioon ato m , derived from the poly m er terminal: O.O to 

i a t-n 3 5) with each other. 
O.lppm, methoxy proton: 3. 4 

„.j„ rfe j at 300MHz using a Varian 
The 'H-NMR analysis was conducted ar 

Gemini 300 (300MHz for >H) in CDC1 3 . 

xhe PT-IK analysis was conducted by an analyzer (Shimadzu 
IR -408, . and SPC analysis was conducted with a Waters IX Module 
1 as the liquid sending system and Shade* K-804 as the column. 
Xhemolecularweightwasestimatedasreiativetothepoiystyrene 

standard. The polymer thus prepared had an Mn of 11. 4 00, Mw/„n 
of ! 2 3 and m t.ilyl) of 1.76, wherein the number-average 
ocular weight was as polystyrene, and number of the terminal 
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a « th.t oer 1 mol of isobutylene polymer . 
silyl functional group was that per 

PRODUCT^ON_EXAMPLE_^^ 

• +-k +-h<= rpactive silicon group 
The isobutylene-based polymer wxth the react 

, nnpr as i n PRODUCTION EXAMPLE B2 , 
was prepared in the same manner as in 

,„HtiPS of p-DCC and allyl 
except that different quantities or p 

w 7 32a (lO.Ommols) and 14. 4g. 

trimethylsilane were charged, 2.32g U 

(I26.0mmols) , respectively. 

The polymer thus prepared had an »n of S,7 8 0, Mw/»n of 1.28 

and Fn (silyl) of 1.93. 
gXAHPL^B^andJi^r^PH^^ 

A fixture containing the silyl-containing 
ethylene/propylene/5-vinyl-2-nor b ornene rando, copolymer 
rubb er ,»-!> produced fn PRODUCTION EXAMPLE Bl was prepared. 
It was co.posed of 100 parts dy weight of the copolymer ruhher 
(R -1,, 90 parts ,by weight, of a paraf f in-hased process or! 
(Idem irsu Eosan, Diana Process oii PS-32-, . »0 parts of 
lime stone powder .Shiraishi Calciu,, PO320B10™, , ,0 parts of 
coll oidal calcium cardonate .Shira.shi E.K., EOS-OiOA™, , 100 

rr,i^ t MR™} 3 parts of nickel 
parts of talc (Fuji Talc Kogyo, Talc LMR ) , J P 

' w r-o ^ the liqht stabilizer (Sanshin 
dimethyldithiocarbamate as the ng 

- 4. MR r™} 5 parts of a dipping 
Chemical Industry Co., Sandant NBC , 5 pa 

, n nns™) i part of a hindered 
inhibitor (KusumotoKasei,Dis P arlon#305 ) , pa 

■a^y (riba-Geigy Japan, Irganox 1010™) , 
phenol-based antioxidant (Ciba beigy 

. , ^ r-av absorber (Sumitomo 
I part of a salicylate-based ultraviolet ray absor 
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Chemical, Sumisorb 400™) , 1 part of a hindered amine-based light 
stabilizer (Sankyo, Sanol LS-765™) , 3 parts of 
dipentaerythritol penta- and hexa-acrylate as the light-curable 
compounds (TOAGOSEI, Aronix M-400™) , 2 parts of 7 
5 -glycidoxypropyltrimethoxysilane (Nippon Unicar, Silane 

Coupling Agent A-187) , 4 parts of 7 

-isocyanatepropyltriethoxysilane (Nippon Unicar, Silane 
Coupling Agent A-1310) as the isocyanate-containing silane 
coupling agent for the present invention, and the silicon 
10 compound described below in parts given in Table B2, all parts 
, by weight . Each mixture was well kneaded by a 3-paint roll unit , 
to produce the major ingredient. 

Diphenyl dimethoxysilane (Shin-Etsu Chemical, LS-5300™) , a 
silanol - f ree silicon compound as the component B2 for the present 
.„ invention was incorporated in parts given in Table Bl for EXAMPLES 
Bl and B2, and COMPARATIVE EXAMPLE Bl . Diphenyl disilanol 
(Chisso Co., D6150™) as a silanol-containing silicon compound 
was incorporated in parts given in Table Bl for COMPARATIVE 

EXAMPLES B2 and B3. 
20 The curing agent was prepared by the following procedure: 

a mixture comprising 16 parts of a paraffin-based process oil 

1 pq_^?™\ 10 parts of limestone 
(IdemitsuKosan, Diana Process Oil PS 3Z ),±up 

1 .; cq™\ 7 5 Darts of carbon black 
powder (Maruo Calcium, Snowlite SS ), 2. o parrs 

and the silanol 

(Mitsubishi Chemical, CB#30 ), z parrs 2 
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condensing catalyst described below in parts given in Table Bl, 
all parts by weight, was manually kneaded in a disposal cup and 
s tirred 3 times at 10,000 rpm each for 10 minutes by a nomogenizer 

(Nih on Seiki Sesakusho Co., Ltd., Excel Auto 

EXAMPLES Bl and B2, and COMPARATIVE EXAMPLE B2 and B3 

incorporated 4 parts by weight of dibutyl tin dimethoxide 

r for the present invention, 
(Aldrich Chemical) as the component C for the p 

^ linH ac . the silanol condensing 
which was a tetravalent tin compound as the 

catalyst, whereas COMPARATIVE EXAMPLE Bl incorporated 4 parts 
by weight of tin octylate (NITTO KASEI, 0-28™, as a divalent 
tin compound. 

Curability of each composition was evaluated, after the 
above-described major ingredient and curing agent were kneaded, 
by following hardness of the cured product. 

Th e test piece for measuring hardness comprised 16 parts of 
th. major ingredient and 1 part of the curing catalyst, all by 
ueight , wherein the mixture was thoroughly kneaded and cured 
ln a constant-temperature bath kept at 2 5 °C in a mold, 12 by 
12 by 50mm, lined with a Teflon sheet. Hardness of the 
rectangular parallelepiped test piece, cured at 25°C, was 
assured using a hardness meter (Shimadzu. Hardness Meter 200, 
i„ accordance with JIS K-6301/1975 for the spring type hardness 
t ..t A. Curability was determined by measuring time required 
for the composition to attain hardness of 20 immediately after 
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Kneading of the m a J or ingredient and curing agent was completed . 
The results are given in Table Bl. 
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REFERENCE_E)CAMPLES Bl to^6 

Th e polymer prepared in PRODUCTION EXAMPLE B2 as the saturated 
hyd rocarbon-based polymer was incorporated with the following 
components, wherein the q uantity of each component is represented 
as part, a, by weight per 100 parts by weight o £ the polymer: 
90 parts of a paraffin-based process oil (Idemitsu Kosan, Diana 
Pr ocess oil PS-32™, , 180 parts of limestone powder (Shiraishi 
Calcium, PO320B10™, , 50 parts of colloidal calcium carbonate 
(Shiraishi K.K. , EDS-D10A™, , 100 parts of talc (Fuji Talc Kogyo, 
Talc LMR™) , 3 parts of nickel dimethyldithiocarbamate as the 
U ght stabilizer , Sanshin Kagaxu Kogyo, 

of a dipping inhibitor .Kusumoto Kasei. Disparlon #305™, , 1 
par t of a hindered phenol-based antioxidant (Ciba-Geigy Japan, 
Ir ganox 1010™, , 1 P«t of a salicylate-based ultraviolet ray 
ab sorber ( Sumitomo Che m ical , Sumisorb 400™, , 1 part of a hindered 
ami „e-based light stabilizer ,Sa„ k yo, Sanol LS-765™,, 3 parts 
of dipentaerythritol penta- and hexa-acrylate as the 
fight-curable compounds (TOAGOSE!, Aronix M-400™, , 2 parts of 

■.^ ■ fv,nvuqilane (Nippon Unicar, Silane 
7 -glycidoxypropyltrimethoxysxlane iinipp 

Coupling Agent A-187), 4 parts of 7 

-isocyanatepropyltriethoxysilane (Nippon Unicar, Silane 
Coupling Agent A-1310) as the isocyanate-containing silane 
coupling agent for the present invention, and the silicon 
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compounddescribedbelowinpartsgiveninTableB2. Eachmixture 
ingredient. 

Oiphenyl dimethoxysilane (Shin-Etsu Chemical. LS-5300 ,, a 
5 sila„ol-f ree .ilicon compound as the component B2 for the present 

in carts qiven in Table B2 for 
invention was incorporated in parts g 

REFERENCE EXAMPLES Bi to B3 , no si iicon compound was incorporated 
in REFERENCE EXAMPLE B4 , and diphenyl disilanol (Chisso. D6150™) 
as a silanol-containing siiicon compound was incorporated zn 
10 parts given in Table B2 for REFERENCE EXAMPLES BS and B6. 

The curing agent was prepared by the following procedure: 

-1 (■ narts of a paraffin-based process oil 
a mixture comprising 16 parts ot a p 

e n-i 1 pq-32™) , 10 parts of limestone 
(IdemitsuKosan, Diana Process Oil PS ), 

. . . oeTMx o 5 D arts of carbon black 
powder (Maruo Calcium. Snowlzte SS 2 . 5 pa 

16 Mitsubishi epical. CB.30™, , 2 parts of H 2 0, and the silanol 
condensing catalyst described below in parts given in Table B2, 
all parts by weight, was manually hneaded in a disposal cup and 
stir red 3 times at 10, 000 rpm each for !0 minutes by a homogenizer 
(Nih on SeiU Sesatusho Co., Ltd., Excel Auto Homogenizer,. 

REFERENCE EXAMPLES Bl to B2 and B4 to B6 incorporated 4 parts 
by weight of dibutyl tin dimethoxide ( Aldrich Chemical, as the 
component C for the present invention which was a tetravalent 
tin compound as the silanol condensing catalyst, whereas 
REFERENCE EXAMPLE B3 incorporated 4 parts by weight of txn 
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octylate (N XTTO KASEI , 0-2,", as a divalent tin compound. 

Curability of each composition was evaluated, after the 
ab ove-described ma.or rngredient a„ d curing agent were .nea d e d , 
by following hardness of the cured product. 
5 The test piece for measuring hardness comprise. 1, parts o £ 
th e malor rngre.ient an d 1 part or the curing catalyst, all by 

• rhe mixture was thoroughly kneaded and cured 
weight, wherern the mixture 

i i ~+- a +- ?S°C in a mold, 12 by 
in a constant-temperature bath kept at 25 

— m chppt Hardness of the 

S. 12 by 50mm, lined with a Teflon sheet. 

3 10 rectangular parallelepiped test piece, cured at „•«, was 
" _ured using a hardness meter .himadru. Hardness Meter ,00, 
ln accordance with OXS K-6301/1^5 for the spring type hardness 
test R . Curability was determined b y measuring time reguired 
for the oomposition to attain hardness of 20 mediately after 
wading of the ma.or ingredient and curing agent was completed. 
The results are given in Table B2 . 
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REFERENCE EXAMPLES B7 to B9 

The adhesion improving effect of the isocyanate-cont aining 
silane coupling agent of the present invention was evaluated 
by the adhesion test, described below. 

The test piece for the tensile adhesion test was prepared 
in accordance with the method specified by JIS A-5758/1992, 
wherein a glass substrate formed into an H-shape was filled with 
the composition (an accurately weighed 16:1 mixture of the major 
ingredient and curing agent prepared in REFERENCE EXAMPLE Bl 
for REFERENCE EXAMPLE B7 , and of the major ingredient and curing 
agent prepared in REFERENCE EXAMPLE B2 for REFERENCE EXAMPLE 
B8) while breaking the bubbles in each composition by using a 
spatula. Each composition was cured in an oven under the 
conditions of 23°C*7 days + 50°Cx7 days. The substrate used 
for the H type tensile test was of aluminum (Taiyu Kizai, A1100P, 
3 by 5 by 0.2cm in size), in accordance with JIS H-4000. It 
was washed with methylethylketone ( Wako- Junyaku Kogyo special 
grade) and wiped with clean cotton cloth, before it was filled 
with the composition. It was not coated with a primer. 

The adhesion test was conducted in REFERENCE EXAMPLE B9 in 
the same manner as in REFERENCE EXAMPLE B7, except that T 
-isocyanatepropyltriethoxysilane was not used. 

The test piece prepared above for the H type tensile test 
was tested for tensile adhesion, after it was cured, to evaluate 



499 



SF-768 




adhesion in the absence of a primer by comparing the tensile 
characteristics with fractured morphology. 

The tensile adhesion test was conducted in accordance with 
JIS A-5758/1992 in a constant-temperature chamber kept at 23°C 
and RH (relative humidity) 50110% at a tensile speed of 
50mm/minute using a Shimadzu' s Autograph AG-2000A. 

The results are given in Table B3 . 
EXAMPLES B3 to B5 

The adhesion test was conducted in EXAMPLES B3 to B5 in the 
same manner as in REFERENCE EXAMPLES B7 to B9, except that the 
polymer prepared in PRODUCTION EXAMPLE B2 was replaced by the 
silyl -containing 

e thylene /propylene/ 5 -vinyl -2 -no rbornene random copolymer 
rubber (A-l) prepared in PRODUCTION EXAMPLE Bl . 
The results are given in Table B4 . 
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The weather resistance tests were conducted according to the 
method described above for the cured products prepared in 
EXAMPLES Bl to BS, COMPARATIVE EXAMPLES Bl to B3 and REFERENCE 
EXAMPLES Bl to B9 . The results are given in Tables Bl to B4 . 

<EXAMPLES C Series> 

The composition, iodine value, intrinsic viscosity [n] and 
molecular weight distribution (Mw/Mn) of the copolymer rubber 
used in each of EXAMPLES and COMPARATIVE EXAMPLES were determined 
by the methods described earlier. 
PRODUCTION EXAMPLE 
[Production of 

ethylene/propylene/5-vinyl-2-norbornene random copolymer 

rubber (A-l) ] 

The three-component copolymerization was effected 

continuously in a stainless steel polymerization reactor having 

an essential capacity of 100L, equipped with agitator blades 
(agitating rotation speed: 250rpm) , wherein hexane, ethylene, 

propylene and 5-vinyl-2-norbornene were continuously supplied 
at 60L, 2.5kg, 4.0kg and 380g per hour, respectively, from the 
reactor side into the liquid phase, and hydrogen, VO(OEt) 2 Cl 
and Al (Et) ^CU.s as the catalysts at 700L, 45mmols and 315mmols 
per hour, respectively, also continuously. 

The copolymerization effected under the above conditions 
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produced the ethylene/propylene/5-vinyl-2-norbornene random 
copolymer rubber (A„-l) in a form ef uniform solution. 

A small quantity of methanol was added to the polymer solution, 
continuously withdrawn from the reactor bottom, to terminate 
5 the polymerization. The polymer was separated from the solvent 
oy steam-stripping the solution, and dried at 5S°C for 48 hours 

under a vacuum. 

The ethylene/propylene/5-vinyl-2-norbornene random 

oopolymer rubber (A.-1) thus produced contained ethylene at 68% 
10 by mol, and had an intrinsic viscosity [„] of 0.2dl/g measured 
in deoalin Kept at 133«C. iodine value (IV, of 10 <g/100 g , and 
Mw/Mn of 15. 

T„o% toluene solution ( 0 . 3 part by weight , of chloroplatinic 
acid, andmethyldimethoxysilane, 1 . 5 parts by weight were added 

15 to 100 parts by weight of the 

ethylene/propylene/5-vinyl-2-norbornene random copolymer 

rubber (Ao-D, and they were allowed to react with each other 
at 120°C for 2 hours . The excess methyldimethoxysilane and the 
solvent (toluene) were distilled off from the effluent. This 

20 produced 101.5 parts by weight of the 

ethylene/pro P ylene/5-vinyl-2-norbornene random copolymer 

rubber (A-l) containing dimethoxymethylsilyl group 

(-Si (CH 3 ) (0CH 3 ) 2) • 
EXAMPLE CI 
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A mixture containing the 
ethylene/pro P ylene/5-vinyl-2-norbornene random copolymer 
rubber (A-l) containing the hydrolyzable silyl group, prepared 
in the above-described PRODUCTION EXAMPLE, was stirred at 120°C 
5 for 2 hours under a vacuum in a kneader (planetary mixer) , which 
could be closed, and dehydrated. The mixture was composed of 
100 parts of the copolymer rubber (A-l) , 55 parts of diiscdecyl 
phthalate (DIDP) as the plasticizer , 120 parts of surf ace-treated 
colloidal calcium carbonate as the filler, 20 parts of titanium 
10 oxide, 2 parts of aliphatic amide wax as the dipping inhibitor, 
1 part of an ultraviolet ray absorber, and 1 part of a light 
stabilizer, all part(s) by weight. The mixture was cooled to 
room temperature, and incorporated with 2 parts of vinyl 
trimethoxysilane as the viscosity stabilizer, 2 parts of a curing 
15 catalyst (NITTO KASEI , U-220) and 3 parts of N- (P-aminoethyl) - 
T-aminopropyltrimethylsiloxydimethoxysilane as the surface 
modifier, all part(s) by weight. The resultant mixture was 
stirred at room temperature, and put in a closed container, to 
produce a one-liquid type curable composition. Each 
20 composition prepared in EXAMPLES Cl to C3 was evaluated by the 
following methods immediately after it was prepared. The one 
stored at 50°C for 14 days was evaluated as well. 

Each composition was spread to a thickness of 3mm, cured at 
23°C and RH 55%, and, after 1 day, painted with a total of 5 
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ty pes of commercial solvent-based acrylic paints for industrial 
purposes ,3 types of acrylourethane-based ones, 1 type of acrylic 
laCq uer, and 1 type of acryloenamel > with a brush. It was then 
tes ted, after 7 days, by a checker pattern with 25 meshes ,2- 
sq uare, using a cellophane tape (Nichiban, , wherein the 
composition was evaluated by percenter of the meshes remaining 
on the sealant surface, based on the total meshes. 

Tne residual tackiness was evaluated for each composition 
spr ead to a thickness of 3mm. and cured at 23°C and RH 55* for 
1 and 7 days, by the touch of finger on the cured surface. Each 
composition was also evaluated for its tensile characteristics 

ttc k-6251 The results are given in Table 
in accordance with JIS K bzoi. 

CI. 

Each composition was further tested for its currng speed and 
eather resistance by the following methods. The results are 
given in Table CI. 
(1) Curing speed test 

Bach composition was spread to a thickness of 3mra, and cured 
at 23-C and RH 55%, to measure its curing speed, where curing 
speed was defined as time required for the composition to attain 

hardness of 20 (JIS A) . 
,2) weather resistance test (ozone-caused aging test) 
The accelerated weather resistance test was conducted in 
accordance with JIS B-7753 under the following conditions: 
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. sunshine Carbon Arc Weatherometer 

Analyzer 

Light irradiation/rainfall cycles 

: irradiation for 120 minutes/rainfall for 18 minutes 
Black panel temperature : 63±2°C 
Tank inside temperature : 40±2°C 

time : 1000 hours 
Total light irradiation time 

E XAMPLES C2 _ and_C3 

Th e co.posi.ion for each o £ EXAMPLES C2 and C3 -as prepared 
in the sam e .anner as in EXAMPLE CI. except that the content 
of N- (p-aminoethyl) - 7 

- am inopropyltri m ethyisiio X ydi n etho X ysilane was changed to a 
l levelgive „ intended, and incorporated with N- (P-aminoethyl ) - 

gs /7 \ 11O01 r s the common tacki f ler . 

% T-aminopropyltrimethoxysilane (A-1120) 

Thp results are given in Table 
It was tested in the same manner. The result; 

15 CI. 

C0MPA^ATIVE_^XAM^ 

Th e composition for each of COMPARATIVE EXAMPLES CI and C2 
W as prepared in the same manner as in EXAMPLE CI, except that 

N- (p-aminoethyl) - 7 
20 -aminopropyltrimethylsiloxydimethoxysilane was replaced by 

N - (P -aminoethyl)-r-aminopropyltrimethoxysilane (A-1120) as 

^Wifier It was tested in the same manner. The 
the common tackitier. j-l 

results are given in Table Cl. 

As shown in Table Cl, each of the composition of the present 
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invention is excellent in residual tackiness on the cured surface 
and adhesion to the paint. It also shows that the composition 
has adhesion varying as it is stored, a phenomenon which is not 
substantiated yet. 
REFERENCE EXAMPLE CI 

A mixture containing the propylene oxide polymer having 2.1 
methyldimethoxysilyl groups [-Si(CH 3 ) (OCH 3 ) 2 ] on the average in 
the molecule and a number-average molecular weight of 17,000 
was stirred at 120°C for 2 hours under a vacuum in a kneader 
(planetary mixer) , which could be closed, and dehydrated. The 
mixture was composed of 100 parts of the above polymer, 55 parts 
of diisodecyl phthalate (DIDP) as the plasticizer, 120 parts 
of surface-treated colloidal calcium carbonate as the filler, 
20 parts of titanium oxide, 2 parts of aliphatic amide wax as 
the dipping inhibitor, 1 part of an ultraviolet ray absorber, 
and 1 part of a light stabilizer, all part(s) by weight.' The 
mixture was cooled to room temperature, and incorporated with 
2 parts of vinyl trimethoxysilane as the viscosity stabilizer, 
2 parts of a curing catalyst (NITTO KASEI , U-220) and 3 parts 
of N- (P-aminoethyl) - 7 

-aminopropyltrimethylsiloxydimethoxysilane as the surface 
modifier, all part(s) by weight. The resultant mixture was 
stirred at room temperature, and put in a closed container, to 
produce a one-liquid type curable composition. 
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The above composition was tested in the same manner as in 
EXAMPLE CI. The results are given in Table CI. 
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EXAMPLES C4 to C8 

A mixture containing the 
ethylene/propylene/5-vinyl-2-norbornene random copolymer 

rubber (A-l) containing the hydrolyzable silyl group, prepared 
in the above-described PRODUCTION EXAMPLE, was prepared for each 
of EXAMPLES C4 to C8 . The mixture was composed of 100 parts 
of the copolymer rubber (A-l) , 55 parts of diisodecyl phthalate 
(DIDP) astheplasticizer, 120 parts of surf ace-treated colloidal 
calcium carbonate as the filler, 20 parts of titanium oxide, 
2 parts of aliphatic amide wax as the dipping inhibitor, 1 part 
of an ultraviolet ray absorber, 1 part of a light stabilizer, 
2 parts of vinyl trimethoxysilane as the viscosity stabilizer, 
2 parts of a curing catalyst (NITTO KASEI, U-220) , and a silicon 
compound having at least one amino group and at least one 
trialkylsiloxy group in the molecule, shown in Table C2 , as the 
surface modifier all part(s) by weight. Each composition was 
only stirred at room temperature; unlike the ones prepared in 
EXAMPLES CI to C3, which were dehydrated under a vacuum and put 
in a closed container. 

Each composition was spread to a thickness of 3mm, cured at 
23°C and RH 55%, and, after 1 day, painted with a total of 5 
types of commercial solvent-based paints for industrial purposes 
with a brush. It was then tested, after 7 days, by a checker 
pattern with 25 meshes (2mm square) using a cellophane tape 
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(Nichiban) , wherein the composition was evaluated by percentage 
of the meshes remaining on the sealant surface, based on the 
total meshes. The results are given in Table C2 . 

Each composition was further tested for its residual tackiness, 
tensile property, curing seed and weather resistance. The 
results are also given in Table C2. 
COMPARATIVE EXAMPLES C3 and C4 

COMPARATIVE EXAMPLES C3 and C4 were conducted in the same 
| manner as in EXAMPLE C4, except that N- ( (3-aminoethyl ) - 7 

1 10 -aminopropyltrimethylsiloxydimethoxysilane was not used 

(COMPARATIVE EXAMPLE C4), or 3 parts by weight of 
N-(p-aminoethyl)-r-aminopropyltrimethoxysilane (A-1120) was 

used in place of N- (p-aminoethyl) - 7 

-aminopropyltrimethylsiloxydimethoxysilane (COMPARATIVE 
EXAMPLE C3). The results are also given in Table C2 . 
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^YAMPL E C9 and CO MPARATIVE EXAMPLE_C5 

A mixture containing the 
ethylene/ P ropylene/5-vinyl-2-norbornene random copolymer 
rubber (A-l) containing the hydrolyzable silyl group, prepared 
5 in the above-described PRODUCTION EXAMPLE , was prepared for each 
of EXAMPLE C9 and COMPARATIVE EXAMPLE C5. The mixture was 
composed of 100 parts by weight of the copolymer rubber (A-l) , 
2 parts by weight of a curing catalyst (NITTO KASEI , U-220) , 

and N- (p-aminoethyl ) - 7 
10 -aminopropyltrimethylsiloxydimethoxysilane (for EXAMPLE C9) or 
N - (P -aminoethyl)-r-aminopropyltrimethoxysilane (A-1120) for 
COPARATIVE EXAMPLE C5 as the surface modifier . Each composition 
was stirred at room temperature. It was spread to a thickness 
of 3mm, cured at 23°C and RH 55%, and, after 1 day, painted with 
15 a total of 5 types of commercial solvent-based paints for 

industrial purposes with a brush. It was then tested, after 
7 days, by a checker pattern with 25 meshes (2mm square) using 
a cellophane tape (Nichiban) , wherein the composition was 
evaluated by percentage of the meshes remaining on the sealant 
20 surface, based on the total meshes. The results are given in 
Table C3. 

Each composition was further tested for its residual tackiness, 
tensile property, curing seed and weather resistance, as was 
the case with the one for EXAMPLE CI . The results are also given 
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in Table C3. 
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EXAMPLE C9 


EXAMPLE C5 


Additive 


N-( 3 -aminoethyl)- y 
-aminopropyltrimethyl 
siloxydimethoxy- 
silane 


3 




A* 1120 




3 


Paint 

adhesion(%) 




90 


0 


Residual 
tackiness 


After one day 


@ 


A 


After two days 


© 


L ° j 


Tensile stress at 


100% elongation (MP a) 


0.40 


0.50 


Breaking strength (MP a) 


0.52 


0.58 


Breaking elongation (%) 


220 


150 


Time required to attain hardness of 20 (hrs) 


2.5 


4 


Resistance to weather 


No cracks 
observed 


Cracks observed 
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<EXAMPLES D Series> 

The composition, iodine value, intrinsic viscosity [t,] and 
molecular weight distribution (Mw/Mn) of the copolymer rubber 
used in each of EXAMPLES and COMPARATIVE EXAMPLES were determined 
by the methods described earlier. 
PRODUCTION EXAMPLE 
[Production of silyl-containing 

ethylene/ P ropylene/5-vinyl-2-norbornene random copolymer 

rubber (A-l) ] 

The three-component copolymerization was effected 
continuously in a stainless steel polymerization reactor having 
an essential capacity of 100L, equipped with agitator blades 
(agitating rotation speed: 250rpm) , wherein hexane, ethylene, 
propylene and 5-vinyl-2-norbornene were continuously supplied 
at 60L, 2.5kg, 4.0kg and 380g per hour, respectively, from the 
reactor side into the liquid 'phase, and hydrogen, VO(OEt) 2 Cl 
and Al (Et) ^CIm as the catalysts at 70.0L, 45mmols and 315mmols 
per hour, respectively, also continuously. 

The copolymerization effected under the above conditions 
produced the ethylene/propylene/5-vinyl-2-norbornene random 
copolymer rubber (A 0 -l) in a form of uniform solution. 

A small quantity of methanol was added to the polymer solution, 
continuously withdrawn from the reactor bottom, to terminate 
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the polymerization. The polymer was separated from the solvent 
by steam-stripping the solution, and dried at 55°C for 48 hours 

under a vacuum. 

The ethylene/propylene/5-vinyl-2-norbornene random 

copolymer rubber (A 0 -D thus produced contained ethylene at 68% 
by mol, and had an intrinsic viscosity [r,] of 0.2dl/g measured 
in decalin kept at 135°C, iodine value (IV) of 10(g/100g) and 
Mw/Mn of 15. 

Two% toluene solution (0.3 part by weight) of chloroplatinic 
acid and methyldimethoxysilane, 1.5 parts by weight were added 
to 100 parts by weight of the 

ethylene/propylene/5-vinyl-2-norbornene random copolymer 
rubber (A 0 -l), and they were allowed to react with each other 
at 120°C for 2 hours. The excess methyldimethoxysilane and the 
solvent (toluene) were distilled off from the effluent. This 
produced 101.5 parts by weight of the 

ethylene/propylene/5-vinyl-2-norbornene random copolymer 
rubber (A-l) containing dimethoxymethylsilyl group 

(-Si (CH 3 ) (OCH 3 ) 2) • 
EXAMPLE Dl 

The copolymer rubber (A-l), lOOg, prepared in the 
above-described PRODUCTION EXAMPLE, was incorporated with 1 . 75g 
of (CH 3 ) 3 SiOC 6 H 5 , and the resultant mixture was stirred at 80°C 
for 2 hours. It was then incorporated with 150g of colloidal 
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calcium carbonate treated with a fatty acid (Shiraishi K.K., 
CCR™) , 65g of dioctyl phthalate, Ig of a hindered phenol-based 
aging inhibitor (Ouchishinko Chemical Industrial Co., Nocrac 
NS-6™), 3g of tin octylate and Ig of lauryl amine, and the 
5 resultant mixture was sufficiently kneaded using a 3-paint roll 
unit . 

The composition thus prepared was used to form an H-2 type 

g test piece in accordance with JISA-5758 (base: anodized aluminum 

O „, . nn^ar'« BP7-730) , which was cured under 

SJ oxide, primer: Nippon Unicar s AP^ /juj, 

. j -H^^-t- Q H hu 3 tensile tester to measure its 

yl io given conditions, and tested by a tensue 

S H-type tensile properties. It was also tested for tackiness 

□ by the touch of finger. Its storage stability was evaluated 

y 

5 by viscosity (B type viscosity at 23 °C, poise) ratio, i.e., ratio 

| of viscosity of the composition stored at 50°C for a week to 

15 that of the one immediately after it was prepared. The results 

are given in Table Dl . 

Each composition was further tested for its curing speed and 
weather resistance by the following methods. The results are 
also given in Table Dl . 
20 (1) Curing speed test 

The curable composition was cured under the conditions of 
23°C and 50%RH for 24 hours in a mold, 20 by 80 by 5mm in size. 

Next, the cured product was released from the mold, and 
thickness of the cured portion was measured by a dial gauge of 
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M 

Ui 



Si 



JWC; 



15 



, na £otce to O.i™. to evaluate its curing speed. It 

^ and . uhen 

was marked with O when rts thrckness 
it was less than lmm. 
,2) Weather resistance test 

. tance tes t was conducted in accordance wrth 
The weather resistance test 

J1B B-7753 under the following conditions: 

. sunshine Carbon Arc Weatherometer 

Analyzer 

Li ght irradiation/rainfall cycles 

/ •.fnii for 18 minutes 
.. Irr adiation for 120 minutes/ramf all 

Black panel temperature : 63±2°C 
Tank inside temperature : 40±2°C 
Total light irradiation time : 250 hours 

the surface a 9 rn g( cracks and molten portion,. The compost 

observ ed, and . when the surface -as observed. 

ul ts are given in Table 01 , wherein M 1M is the modulus 
The results are yj- v 

, ^ Hvn50 % T B is breaking modulus, 
^ipr? isstretchedbyl^"- m 
when the test prece ^ ^ ^ 

Eb is breaking elongatron, and 

. . , . hst of the composition free ox 
^^rahle with thai 01 
tackiness comparable w ^ 

organosiltcon compound ^ — - ^ 

u , he3 hove For storage stability, m 
tackiness more than the above. 

KoHpr storage stability- 
value means better sioi y 

C0MPARATIVE_^X^l£il5^ — Dl_t° D3_ 
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